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013100 - COORDINATION 013100 - 4

PART 2 - PRODUCTS (Not Used)

PART 3 - EXECUTION (Not Used)

END OF SECTION  013100







013200 - SCHEDULES – BAR CHART 013200 - 3

2. When revisions are made, distribute to the same parties and post in the same locations.  

Delete parties from distribution when they have completed their assigned part of the Work 

and are no longer involved in construction activities.

D. Schedule Updating:  Revise the schedule after each meeting or other activity where revisions have 

been recognized or made.  Issue the updated schedule concurrently with the report of each meeting.

3.4 SCHEDULE OF INSPECTIONS AND TESTS

A. Prepare a schedule of inspections, tests, and similar services required by the Contract Documents.  

Submit the schedule with (15) days of the date established for commencement of the Contract Work.  

The Contractor is to notify the testing agency at least (5) working days in advance of the required 

tests unless otherwise specified.

B. Form:  This schedule shall be in tabular form and shall include, but not be limited to, the following:

1. Specification Section number

2. Description of the test

3. Identification of applicable standards

4. Identification of test methods

5. Number of tests required

6. Time schedule or time span for tests

7. Entity responsible for performing tests

8. Requirements for taking samples

9. Unique characteristics of each service

C. Distribution:  Distribute the schedule to the Owner, Designer of Record, and each party involved in 

performance of portions of the Work where inspections and tests are required.

END OF SECTION  013200
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SECTION 230000 - MECHANICAL GENERAL REQUIREMENTS

PART 1 - GENERAL

1.1 GENERAL

A. Where the word contractor is used in this specification or on the drawings, the term shall apply to a prime 

contractor or a subcontractor.  Where the term "this contractor" is used in this specification, the term shall 

apply to the mechanical contractors as applicable.  Words such as "he" and "she" used in this 

specification is not intended to designate gender.

B. This Contractor shall refer to the "Instructions to Bidders", General Conditions, Supplementary General 

Conditions and Special Conditions and Applicable Provisions for bidding requirements and items that 

effect his work.

C. Pertinent Federal, State and Local requirements and regulations of OSHA, National Electrical Codes, and 

NFPA, are hereby made a part of this contract.  Use of the term "code" in sections of this specification 

refers to applicable requirements and regulations of above listed agencies.

D. It shall be the responsibility of this Contractor to promptly inform the Engineer of all deviations in the 

drawings and specifications from the City, County and State Laws, Ordinances, Regulations or Rulings.  

This Contractor shall install all work strictly in accordance with all such requirements at no additional 

cost to Owner.

E. In the event the specifications or drawings conflict with such laws or ordinances, the conflicting portion 

of the work affected shall be installed in strict accordance with the laws or ordinances above mentioned 

and the remainder of the drawings and specifications shall remain in full force.

F. If the requirements of these specifications or drawings are more stringent than the conflicting laws or 

ordinances, the requirements of the specifications and drawings shall govern unless amended by the 

Engineer.

1.2 SUMMARY

A. This Section includes general administrative, material, and procedural requirements for Division 23 to 

expand the requirements specified in Division 01.

1.3 RELATED DOCUMENTS

A. Drawings and general provisions of Contract, including General and the Supplementary Conditions and 

Division 1 Specification Sections, apply to this Section.

1.4 REGULATORY REQUIREMENTS

A. Work and materials shall conform to and be executed, inspected and tested in accordance with the latest 

edition of applicable Federal, State and local codes and with the other governing rules and regulations of 

Federal, State, and local governmental agencies.

B. Specific codes and standards which will apply to this installation are listed in applicable specification 

sections.

C. Other codes which will apply to this installation include the current editions of: 
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1. NFPA 101 - Life Safety Code. 

2. Underwriters Laboratories. 

D. Where governing codes indicate the Drawings and Specifications do not comply with the minimum 

requirements of applicable codes, be responsible for either notifying the Engineer in writing during the 

bidding period of the revisions required to meet code requirements, or providing an installation which 

will comply with the code requirements.

1.5 PERMITS AND INSPECTIONS

A. Permits:  Obtain and pay for all permits, bonds, licenses, tap-in fees, etc., required by the City, State, or 

other authority having jurisdiction over the work, as a part of the work of the affected sections.

B. Inspections:  Arrange and pay for all inspections required by the above when they become due as part of 

the work of the sections affected.  Conceal no work until approved by these governing authorities.  

Coordinate inspection period with Authorities Having Jurisdiction and Engineer through Construction 

Manager.  Present the Engineer with properly signed certificate of final inspection

1.6 DEFINITIONS  

A. Pipe, pipe fittings, and piping include tube, tube fittings, and tubing.

B. Finished Spaces:  Spaces other than mechanical and electrical equipment rooms, furred spaces, pipe and 

duct shafts, unheated spaces immediately below the roof, spaces above ceilings, unexcavated spaces, 

crawl spaces, and tunnels.

C. Exposed Interior Installations:  Exposed to view indoors.  Examples include finished occupied spaces and 

mechanical equipment rooms.

D. Exposed Exterior Installations:  Exposed to view outdoors, or subject to outdoor ambient temperatures 

and weather conditions.  Examples include rooftop locations.

E. Concealed Interior Installations:  Concealed from view and protected from physical contact by building 

occupants.  Examples include above ceilings and in duct shafts.

F. Concealed Exterior Installations:  Concealed from view and protected from weather conditions and 

physical contact by building occupants, but subject to outdoor ambient temperatures.  Examples include 

installations within unheated shelters.

1.7 SHOP DRAWINGS

A. This Contractor shall submit for the Engineer's review a list of all equipment and subcontractors he 

proposes to use.  This list shall be submitted within thirty (30) days after signing of contracts or receiving 

"Letter of Intent".  The engineer will review and comment on this list prior to submission of shop 

drawings.

B. After the Contractor has received the comments from the engineer concerning the list of equipment and 

subcontractors, this Contractor shall submit shop drawings or manufacturer data sheets, certification and 

descriptive literature for ALL material and equipment furnished on this project.

C. Submittals shall be transmitted to Horner & Shifrin (H&S) as paper documents, electronic documents via 

email attachments, or electronic documents via FTP file transfers.  All submittals shall include a 

transmittal form identifying the project name, date, contents of submittal package, and names of 

subcontractor, manufacturer, and supplier.  On an attached separate sheet clearly identify deviations from 

requirements in the Contract Documents, including minor variations and limitations.
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1. Documents transmitted in paper format shall be sent to H&S.    Submit four (4) paper copies of all 

required Shop Drawings and material and equipment lists for the Engineer’s and Owner's sole use.  

The Contractor shall submit additional paper copies that will be required for his own use and the 

Operation and Maintenance Manuals.  The additional copies will be reviewed by the Engineer and 

returned to the Contractor marked accordingly. 

2. Documents transmitted as email attachments shall be sent to H&S.  H&S will return one (1) 

electronic copy of these documents to the Contractor.

3. Documents transmitted via FTP file transfers shall be retrieved from the FTP site after H&S has 

received an email notification that these documents have been posted to the site.  H&S will return 

one (1) electronic copy of these documents to the Contractor.

D. Shop drawings, manufacturer data sheets and descriptive literature shall include parts lists, operating and 

maintenance manuals, etc.

E. The Contractor shall review each shop drawing etc. before submitting to the engineer to determine that it 

is acceptable in terms of the means, methods, techniques, orientation, sequences, operations of 

construction, safety precautions and programs incidental there to, all of which are the contractor's 

responsibility.

F. The engineer shall review each shop drawing, etc. for its conformity with design intent and compliance 

with information given in the construction documents.

G. The Contractor shall bring to the engineer’s attention any shop drawing, etc. that varies from the contract 

documents requirements.

H. The engineers review time for all submittals will be 10 working days.

I. The Contractor shall pay for the review of all shop drawings, etc. that varies from the requirements of the 

contract documents.

J. Shop drawings, etc. submitted for equipment or material which was not specified, included in the 

specification or drawings by written addendum, or submitted by separate letter with the contractors bid 

will be returned without review and will not be considered for this project.

K. At the completion of the project, this Contractor shall give the Owner three copies of all shop drawings, 

data sheets, operating manuals, parts lists, maintenance manuals, etc. which shall be bound in vinyl-

covered three-ring binders with a complete index and index tabs.  All manuals to be submitted to the 

Engineer's Office for review and acceptance prior to transmittal to the Owner.

L. Failure to Submit:  Contractor’s failure to provide submittals does not alleviate the responsibility to 

provide the requirements in the Contract Document as interpreted by the Engineer.  Correct noncompliant 

items.

1.8 SEQUENCING AND SCHEDULING

A. Coordinate mechanical equipment installation with other building components.

B. Arrange for chases, slots, and openings in building structure during progress of construction to allow for 

mechanical installations.

C. Coordinate the installation of required supporting devices and set sleeves in poured-in-place concrete and 

other structural components as they are constructed.
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D. Sequence, coordinate, and integrate installations of mechanical materials and equipment for efficient flow 

of the Work.  Coordinate installation of large equipment requiring positioning prior to closing in the 

building.

E. Coordinate connection of electrical services.

F. Coordinate requirements for access panels and doors where mechanical items requiring access are 

concealed behind finished surfaces.  Access panels and doors are specified in this section.

G. Coordinate installation of identifying devices after completing covering and painting where devices are 

applied to surfaces.  Install identifying devices prior to installing acoustical ceilings and similar 

concealment.

1.9 COORDINATION DRAWINGS

A. The Contractor shall oversee the preparation of coordination drawings as follows: 

1. Contractors responsible for the following items of work located in or above ceilings shall 

participate in preparation of Coordination Drawings.

a. Recessed light fixtures.

b. Ductwork and appurtenances.

c. Plumbing waste and roof drainage.

d. Fire Protection (Sprinkler System).

e. HVAC piping

f. Plumbing vent, supply piping.

g. Plumbing domestic water piping.

h. Electrical conduit.

B. In the event a Contractor fails to cooperate in the Coordination Program, he will be held responsible for 

all costs incurred for adjustments to the work of others made necessary to accommodate the 

uncooperative Contractor's installations.

C. When a Change Order request is issued, the affected Contractors shall review the Coordination Drawings 

and bring to the attention of the General Contractor any revisions necessary to the work of others not 

directly affected by the Change Order.

1.10 OPERATING AND MAINTENANCE INSTRUCTIONS AND MANUALS

A. Upon completion of the job, the installing contractors and major suppliers shall instruct the Owner's 

representatives in the proper operation and maintenance of the systems installed.  The installing 

Contractors shall submit documentation indicating the date of instruction; names and organization of 

persons providing and receiving the instructions; systems the instructions covered; and materials 

received. 

B. Contractor shall also submit four (4) complete sets of properly bound operating manuals to the Engineer 

for review.  These manuals shall include the following:

1. Complete set of shop drawings. 

2. Copies of all submittals. 

3. Parts lists, wiring diagrams, piping diagrams, etc. 

4. Manufacturers' operating and maintenance instructions. 

5. As-built drawings. 

6. Written operating and maintenance instructions for the system.  This is a written version of 

Paragraph "1" above. 
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7. Copies of warranties. 

8. Parts lists for each piece of equipment and name of local supplier. 

9. DVD of recorded Owner equipment training. 

10. Provide a Filter Change Out Schedule.

1.11 OWNERS RECORD SET OF DRAWINGS

A. During construction, a separate set of plans at the jobsite shall be maintained by the Contractor to keep a 

record of all changes of locations.  See additional requirements in General Conditions and Supplementary 

Conditions.

B. Locations of piping, ductwork and other concealed facilities are to be shown by the Contractor if and 

when they differ from the drawings.  Underground piping shall be dimensioned on those drawings.

C. "As built" drawings are to be submitted to Engineer for review prior to the time of request for final 

payment. Submit as-built record drawings in accordance with the General Conditions.

1.12 GUARANTEE AND WARRANTY

A. This Contractor shall guarantee and warrant all equipment, materials, workmanship, installation, etc., for 

a period of one year in accordance with the General Conditions.  This one-year warranty shall commence 

on satisfactory completion of final punch list items. Satisfactory completion of the final punch list will be 

determined by the Engineer.  If the Owner accepts a portion(s) of the project earlier than the rest, such as 

partial beneficial occupancy,

PART 2 - PRODUCTS

2.1 MATERIAL AND EQUIPMENT SELECTION

A. Product Options:  The specification of each item of major equipment required for the project may include 

a list of manufacturers, with one “basis of design” manufacturer, type, and model identified by virtue of 

their being the first listed manufacturer in the specifications.  Where several manufacturers in addition to 

the “basis of design” manufacturer are listed in the specifications, it shall be understood that the words 

“or approved equal by” are implied to precede each of the other manufacturer’s names.

B. The manufacturers other than the “basis of design” may be furnished at the contractor’s option in lieu of 

the “basis of design” product, provided that the selected manufacturer’s product is equal in all material 

and functional respects.  Additional work required for equipment that is other than the “basis of design”, 

shall be at the expense of the contractor. In addition to submittal requirements that may be specified in 

this section, submit a line-by-line written verification of the applicable specification section(s) identifying 

compliance with or variations from the specified features, materials, performance, capacities, weight, 

size, durability, energy consumption and efficiency, warranty, and visual impact (if exposed to view by 

other than maintenance persons). The burden of proof of manufacturer/product equality is on the 

contractor.

C. Where a product is not scheduled on the drawings and, therefore, where no “basis of design” is indicated, 

the first listed manufacturer in the specifications shall be deemed as “basis of design”

D. Products of manufacturers not listed in the Contract Documents are considered Substitutions and are not 

permitted, except as provided under the General and Supplementary Conditions and Division 1 

Specifications. Full compliance with section “Substitutions” below is mandatory for acceptance of 

products or manufacturers not listed.
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E. Listing of a manufacturer does not imply approval of that manufacturer’s standard product or products.  

Rather, listing of a manufacturer indicates only a general acceptance of that manufacturer’s name and 

reputation.  Final approval is subject to full compliance with these Contract Documents.

F. Model numbers identified on the Drawings notwithstanding, all equipment must comply with the 

requirements of these Contract Documents.  Do not assume that a manufacturer’s standard product is 

acceptable as is.  For example, one or more custom modifications, custom colors or finishes, 

manufacturer’s options, and/or accessories may be required to meet the specified requirements.

G. Where drawings indicate sizes, profiles, connections, and dimensional requirements of material and 

equipment, these are based on the “basis of design” manufacturer, type and model indicated.  In the event 

that equipment of power, dimensions, capacities, layout, connections, and/or ratings differing from the 

“basis of design” are selected by the contractor and approved by the Owner’s representative, any 

necessary adjustments are the contractor’s responsibility.  All connecting mechanical and electrical 

services, circuit breakers, conduit, motors, bases, pipe and duct sizes, pipe and duct layout, and the like 

shall be adjusted by the contractor to suit the equipment provided.  No additional costs will be approved 

for these changes. Should revisions to the design because of contractor’s selection of manufacturer, type, 

or model other than the “basis of design” require additional review and/or redesign by an Engineer, the 

contractor shall reimburse the Owner for Owner’s added professional fee expenses.

H. Where two or more materials are listed in the “Part 2 – Products” subsection of any Division 23 section, 

do not assume that the selection of materials is the contractor’s option. Refer to “Part 3 – Execution” 

subsection of that same Division 23 section for an explanation of which specific material(s) shall be used 

for which specific application(s).  For example, Part 2 may list several types and grades of piping, and 

Part 3 will describe which type and grade of pipe to use for a given application.

I. Drawing plans, schematics, and diagrams indicate general location and arrangement of piping systems, 

and have been coordinated, as much as possible, based on available information and field observations.  

Deviations to layout that may require additional fittings, and are within 6’-0” of design document layout, 

shall be at the expense of the contractor.  Deviations to layout shall be documented on the coordination 

drawings. Indicated locations and arrangements were used to size pipe and calculate friction loss, 

expansion, pump sizing, and other design considerations.  Install piping as indicated, unless deviations to 

layout are approved on Coordination Drawings.

2.2 SUBSTITUTIONS

A. Notwithstanding any reference in the specifications to any article, device, product, material, form or type 

of construction by name, or make, or catalog number, such references shall be interpreted as establishing 

a standard of quality and shall not be construed as limiting competition; and the Contractor in such cases 

may, at his option, use any article, device, product, material, fixture, form or type of construction which 

in the judgment of the Engineer, expressed in writing, is equal to that specified.

B. Any materials or products other than those specified shall be submitted in writing to the Engineer for 

approval at least 10 days prior to the submission of bids.  Materials and products so approved will be so 

stated by addendum.

C. No substitute equipment will be considered unless sufficient data is submitted with the request to allow 

adequate comparison with the specified equipment.

D. The Engineer reserves the right to reject any or all substitute equipment, if, in his opinion, said equipment 

is not of equal quality, capacity or like design.  In all cases, the decision of the Engineer shall be final.

E. This Contractor, at his option, may submit any item of material or equipment in a separate letter listing 

voluntary alternatives.  An additive or deduct price shall be indicated for each voluntary alternate 

submitted.  Sufficient data shall accompany each voluntary alternate submitted to allow adequate 
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comparison with the specified equipment.  The Contractor shall pay all costs associated with reviewing 

proposed substitute material or equipment.

F. This Contractor shall pay all costs arising from the use of substitute equipment or material.  Such costs 

shall include but shall not be limited to mechanical, electrical, plumbing, fire protection, civil & structural 

engineering costs & cost to other trades to accommodate the substitute equipment.

PART 3 - EXECUTION

3.1 GENERAL

A. Contractor shall provide all material, equipment, labor, services, and supplies, required to execute all 

work shown on the mechanical drawings; described in these specifications; or made necessary by the 

work shown on the drawings and/or described in these specifications.

B. Contractor shall schedule all work and furnish the required materials in such a manner that the work may 

progress from start to finish in an expeditious and efficient manner without undue interruption.  This 

Contractor shall also schedule his work to coordinate with the construction staging for this project.

C. Contractor shall hire the proper trades to accomplish the work described on the drawings or in the 

specifications.

3.2 COORDINATION OF TRADES

A. Prior to the fabrication or installation of any materials, Contractor shall review the drawings indicating 

work to be performed by each trade.  If conflicts occur, they shall be brought to the attention of the 

Engineer for resolution.

B. If Contractor installs the work without coordinating with the other trades, then, if requested by the Owner, 

or Engineer, Contractor shall remove and rework some installed work to resolve a conflict, and such 

change shall be done at no change in contract price.

C. The Contractor supplying the equipment shall furnish all motors and components which are part of the 

equipment.

D. Control wiring is defined as that wiring which conducts electrical energy at a voltage of less than 100 

volts.  Interlock wiring is defined as that wiring which performs a control function, but at a voltage of 100 

volts or greater.  All other wiring shall be considered power wiring.

E. The Electrical Contractor shall provide power wiring to, and including connection to the equipment.  

Unless specifically noted otherwise, all interlock wiring shall be provided by the Electrical Contractor.  

Unless noted otherwise, the control wiring shall be provided by the Contractor furnishing the controlled 

equipment.

F. Unless noted otherwise, the Electrical Contractor shall provide all starters, disconnects, switches, push-

button stations, etc., except those which are furnished with the equipment as a part of a factory-assembled 

package.  Heater elements for overload relays on magnetic motor starters (except the starters factory pre-

wired with equipment) shall be sized, furnished and installed by the Electrical Contractor.  Magnetic 

motor starters for mechanical equipment (except starters factory pre-wired with equipment such as 

chillers and packaged air conditioners) shall be provided by the Electrical Contractor.   Magnetic motor 

starters will be provided with:

1. Auxiliary contacts as required by the interlocks defined on the drawings or in the specifications.  
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2. Control Power Transformer - 120 volt secondary, minimum 40 Volt Amps.

G. Each Contractor furnishing motor-operated equipment shall furnish a list of motor characteristics to the 

Electrical Contractor so that properly sized heater elements may be provided.  The list shall include 

equipment identification by name and by number, the full load current, locked rotor current, voltage 

rating, and suggested service factor to compensate for operating duty cycle and ambient temperatures.

H. Unless specifically noted otherwise, pilot controllers (pressure switches, etc.) shall be furnished and 

mounted by the Contractor furnishing the controlled equipment.

I. Unless specifically noted otherwise, control dampers shall be furnished by the Temperature Control 

Contractor and installed by the Mechanical Contractor.

J. Electrical Work For Mechanical Equipment:  Electrical Contractor shall wire all mechanical equipment 

furnished by various contractors in accordance with the following general provisions:

1. Power wiring from panel to motor controllers, relays, etc., and from controller to motor terminals 

per equipment manufacturer's wiring diagram.

2. Receive, unload, set and align all separately shipped motors.  Adjust and align drive and adjust 

belt tension.

3. Field lubricate all motors prior to initial operation of same.

4. Install individual motor starters specifically called for to be furnished by other Contractors when 

not a factory pre-wired component.

K. HVAC Contractor shall provide the following:

1. All motors, disconnect switches or control devices specifically called for.

2. Automatic control and interlock wiring diagrams as called for in the specifications.

3. Complete and accurate wiring diagrams to Electrical Contractor for all equipment requiring 

electrical power wiring including motor terminal connection diagrams.

4. Adjustable motor bases and all bolts and nuts required for installation of base and motor.

5. Supervision of Electrical Contractor in lubrication of motors to eliminate possibility of motor 

starting or operating without proper lubrication and control systems.

3.3 PROTECTION OF EQUIPMENT AND WORK

A. This Contractor shall, at all times, protect and preserve all materials, supplies, equipment, piping, etc., 

from damage due to weather, corrosion, dirt, vandalism, theft, etc., and shall further provide all 

enclosures or special protection as indicated by circumstances.

B. Should any of the materials, equipment, etc., be damaged as a result of his negligence, then this 

Contractor shall be held responsible for all such damage and costs incurred for repair or replacement.

3.4 CONSTRUCTION STAGING

A. See schedule in Division 0 and Division 1.  This Contractor shall cooperate with and coordinate to plan 

and schedule the work to satisfy the schedule.

3.5 CLEANING AND CLEANUP

A. Upon completion of this work, the Contractor shall clean all pipe, ductwork, fixtures, and equipment.  

Contractor shall leave all work in a finished, clean, and satisfactory working condition.
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B. Each contractor shall be responsible for his own cleanup to a central location designated by the 

Construction Manager.  Contractor shall periodically remove all rubbish, crating, unused material, outfall, 

and any other debris created by him during the course of the work.

3.6 OWNER TRAINING

A. Provide Owner training where indicated in the specifications.  Video tape training sessions. Save and 

bookmark to DVD’s for future reference.  

3.7 FILTER CHANGE OUT SCHEDULE

A. Provide a list and quantity of all filters provided with the equipment on the project.  Indicate a 

recommended schedule for Owner to replace the filters.   

END OF SECTION 230000
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SECTION 230050 - BASIC MECHANICAL MATERIALS AND METHODS

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of Contract, including General and the Supplementary Conditions and 

Division 1 Specification Sections, apply to this Section.

B. Section 230000 “Mechanical General Requirements”.

1.2 SUMMARY

A. This Section includes the following basic mechanical materials and methods to complement other 

Division 23 Sections.

1. Piping materials and installation instructions common to most piping systems.

2. Equipment nameplate data requirements.

3. Labeling and identifying mechanical systems and equipment is specified in Division 23 Section 

"Mechanical Identification."

4. Nonshrink grout for equipment installations.

5. Field-fabricated metal and wood equipment supports.

6. Installation requirements common to equipment specification Sections.

7. Mechanical demolition.

8. Cutting and patching.

9. Touchup painting and finishing.

10. Firestopping

B. Pipe and pipe fitting materials are specified in piping system Sections.

PART 2 - PRODUCTS

2.1 PRODUCT CRITERIA

A. Material and equipment shall be the standard product of a manufacturer regularly engaged in the 

manufacture of the product for at least 5 years.

B. Products shall be supported by a service organization which maintains an inventory of repair parts and is 

located within 100 miles of the jobsite.

2.2 PIPE AND PIPE FITTINGS

A. Refer to individual piping system specification Sections for pipe and fitting materials and joining 

methods.

B. Pipe Threads:  ASME B1.20.1 for factory-threaded pipe and pipe fittings.

2.3 PIPING JOINING MATERIALS

A. Refer to individual piping system specification Sections in Division 23 for special joining materials not 

listed below.
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B. Pipe Flange Gasket Materials:  Suitable for the chemical and thermal conditions of the piping system 

contents.

1. ASME B16.21, nonmetallic, flat, asbestos-free, 1/8-inch (3mm) maximum thickness, except 

where thickness or specific material is indicated.

a. Full-Face Type:  For flat-face, Class 125 cast-iron and cast-bronze flanges.

b. Narrow-Face Type:  For raised-face, Class 250 cast-iron and steel flanges.

2. ASME B16.20 for grooved, ring-joint, steel flanges.

3. AWWA C110, rubber, flat face, 1/8 inch (3 mm) thick, except where other thickness is indicated; 

and full-face or ring type, except where type is indicated.

C. Flange Bolts and Nuts:  ASME B18.2.1, stainless steel, except where other material is indicated.

D. Plastic Pipe Flange Gasket, Bolts, and Nuts:  Type and material recommended by piping system 

manufacturer, except where other type or material is indicated.

E. Solder Filler Metal:  ASTM B 32.

1. Alloy Sn95: Lead Free

2. Alloy Sn50:  Tin (50 percent) and lead (50 percent).

3. Alloy E:  Tin (approximately 95 percent) and copper (approximately 5 percent).

4. Alloy HA:  Tin-antimony-silver-copper-zinc.

5. Alloy HB:  Tin-antimony-silver-copper-nickel.

F. Brazing Filler Metals:  AWS A5.8.

1. BCuP Series: Stay Silv 15

2. BAg1:  Silver alloy.

G. Welding Filler Metals:  Comply with AWS D10.12 for welding materials appropriate for wall thickness 

and chemical analysis of steel pipe being welded.

H. Solvent Cements:  Manufacturer's standard solvents complying with the following:

1. Acrylonitrile-Butadiene-Styrene (ABS):  ASTM D 2235.

2. Chlorinated Poly(Vinyl Chloride) (CPVC):  ASTM F 493.

3. Poly(Vinyl Chloride) (PVC):  ASTM D 2564.

4. PVC to ABS Transition:  Made to requirements of ASTM D 3138, color other than orange.

I. Plastic Pipe Seals:  ASTM F 477, elastomeric gasket.

J. Flanged, Ductile-Iron Pipe Gasket, Bolts, and Nuts:  AWWA C110, rubber gasket, carbon steel bolts and 

nuts.

K. Couplings:  Iron body sleeve assembly, fabricated to match outside diameters of plain-end pressure pipes.

1. Sleeve:  ASTM A 126, Class B, gray iron.

2. Followers:  ASTM A 47 (ASTM A 47M), Grade 32510 or ASTM A 536 ductile iron.

3. Gaskets:  Rubber.

4. Bolts and Nuts:  AWWA C111.

5. Finish:  Enamel paint.
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2.4 DIELECTRIC FITTINGS  

A. Assembly or fitting having insulating material isolating joined dissimilar metals to prevent galvanic 

action and stop corrosion.

1. Description:  Combination of copper alloy and ferrous; threaded, solder, plain, and weld neck end 

types and matching piping system materials.

2. Insulating Material:  Suitable for system fluid, pressure, and temperature.

3. Dielectric Unions:  Factory-fabricated, union assembly for 250-psig minimum working pressure at 

a 180 deg F temperature.

4. Dielectric Flanges:  Factory-fabricated, companion-flange assembly for 150- or 300-psig 

minimum pressure to suit system pressures.

5. Dielectric-Flange Insulation Kits:  Field-assembled, companion-flange assembly, full-face or ring 

type.  Components include neoprene or phenolic gasket, phenolic or polyethylene bolt sleeves, 

phenolic washers, and steel backing washers.

a. Provide separate companion flanges and stainless steel bolts and nuts for 150- or 300-psig 

minimum working pressure to suit system pressures.

6. Dielectric Couplings:  Galvanized-steel coupling, having inert and noncorrosive, thermoplastic 

lining, with threaded ends and 300-psig minimum working pressure at 225 deg F temperature.

7. Dielectric Nipples:  Electroplated steel nipple, having inert and noncorrosive thermoplastic lining, 

with combination of plain, threaded, or grooved end types and 300-psig working pressure at 225 

deg F temperature.

2.5 SLEEVES  

A. The following materials are for wall, floor, slab, and roof penetrations:

1. Steel Sheet-Metal:  24-gage or heavier galvanized sheet metal, round tube closed with welded 

longitudinal joint.

2. Steel Pipe:  ASTM A 53, Type E, Grade A, Schedule 40, galvanized, plain ends.

3. Cast-Iron:  Cast or fabricated wall pipe equivalent to ductile-iron pressure pipe, having plain ends 

and integral water stop, except where other features are specified.

4. Wall Penetration Systems:  Wall sleeve assembly, consisting of housing, gaskets, and pipe sleeve, 

with 1 mechanical-joint end conforming to AWWA C110 and 1 plain pipe-sleeve end.

a. Penetrating Pipe Deflection:  5 percent without leakage.

b. Housing:  Ductile-iron casting having waterstop and anchor ring, with ductile-iron gland, 

steel studs and nuts, and rubber gasket conforming to AWWA C111, of housing and gasket 

size as required to fit penetrating pipe.

c. Pipe Sleeve:  AWWA C151, ductile-iron pipe.

d. Housing-to-Sleeve Gasket:  Rubber or neoprene push-on type of manufacturer's design.

5. Cast-Iron Sleeve Fittings:  Commercially made sleeve having an integral clamping flange, with 

clamping ring, bolts, and nuts for membrane flashing.

a. Underdeck Clamp:  Clamping ring with set-screws.

6. PVC Plastic:  Manufactured, permanent, with nailing flange for attaching to wooden forms.

7. PVC Plastic Pipe:  ASTM D 1785, Schedule 40.

B. Mechanical Sleeve Seals:  Modular, watertight mechanical type.  Components include interlocking 

synthetic rubber links shaped to continuously fill annular space between pipe and sleeve.  Connecting 

bolts and pressure plates cause rubber sealing elements to expand when tightened.
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2.6 GROUT

A. Nonshrink, Nonmetallic Grout:  ASTM C 1107, Grade B.

1. Characteristics:  Post-hardening, volume-adjusting, dry, hydraulic-cement grout, nonstaining, 

noncorrosive, nongaseous, and recommended for interior and exterior applications.

2. Design Mix:  5000-psi (34.50MPa), 28-day compressive strength.

3. Packaging:  Premixed and factory-packaged.

2.7 MISCELLANEOUS MATERIALS

A. Powder-Actuated Drive-Pin Fasteners:  Powder-actuated-type, drive-pin attachments with pull-out and 

shear capacities appropriate for supported loads and building materials where used. Acceptable 

manufacturers: Gunnebo Fastening Corp., Hilti, Inc., ITW Ramset/Red Head., or Masterset Fastening 

Systems, Inc.

B. Mechanical-Anchor Fasteners:  Insert-type attachments with pull-out and shear capacities appropriate for 

supported loads and building materials where used.

C. Drilled Inserts:   Self-drilling expansion shields and machine bolt expansion anchors: permitted in 

concrete not less than four inches thick.  Applied load shall not exceed one-fourth the proof test load 

listed by the manufacturer.  Phillips Red-head, wedge anchors or equal.

D. Structural Steel:  ASTM A 36/A 36M, steel plates, shapes, and bars, black and galvanized.

E. Bolts and nuts, except as required for piping applications, shall be carbon steel in accordance with ASTM 

A 307 and shall be cadmium-plated, zinc-coated steel, or Type 304 stainless steel. Each bolt shall be 

provided with neoprene and cadmium-plated steel washers under the heads.

2.8 PREFABRICATED SEISMIC RATED ROOF CURBS

A.  Prefabricated curbs shall be made of heavy-gage galvanized steel with mitered and welded corners (steel 

gauge as required to meet local codes) and have angle reinforcement, supply and return duct channels, 

insulated pans, 1-1/2-inch-thick  rigid  fiberglass insulation adhered to inside walls, built-in cant and 

mounting flange for flat roof decks and 2-inch wood nailer.  Curbs shall be Thycurb TC-3 for roof decks 

that are not surface insulated, and Thycurb TC-1 for decks that are surface insulated.

B. Provide 24 inches high.

C. Seismic rated curbs shall be designed/constructed to meet the required local seismic codes, designed to 

mate perfectly with the rooftop manufacturers equipment.

D. Seismic calculations shall be provided with shop drawings.

E. Equivalent products, complying with these specifications, by the following manufacturers are acceptable:

1. Pate 

2. Thybar 

3. Roof Products & Systems

2.9 PREFABRICATED PIPE SEALS

A. Seals for Roof Penetrations
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1. Prefabricated pipe seals shall have a one piece spun aluminum base with a 5" high roof surface 

flange sloped for runoff.  Unit shall have a PVC boot with graduated widths and adjustable 

stainless steel clamps.  Unit shall withstand expansion, and vibration and shall fit pipe sizes from 

1/2" through 10".be heavy-gage, galvanized steel curb with mitered and welded corners; 1-1/2-

inch-thick.

2. Equal products, complying with these specifications by the following manufacturers are 

acceptable:

a. Pate 

b. Roof Products & Systems

c. Thycurb 

d. Approved Equal

2.10 PIPING AND EQUIPMENT SYSTEMS MARKERS

A. Markers shall be by Allen Systems, Inc., W.H. Brady Co.- Signmark Div., Industrial Safety Supply Co., 

Inc. or equal.

B. Pipe banding shall consist of 1" wide single tape wrapped completely around the circumference of the 

pipe or insulation.

C. All color coding shall comply with ANSI A13.1 1975.

D. Pipe markers shall be manufacturer's standard pre-printed, semi-rigid plastic, snap-on type or vinyl, 

pressure-sensitive type with permanent adhesive.

E. Equipment markers shall be manufacturer's standard laminated plastic type. Include the following, 

matching terminology on schedules as closely as possible: 1) Name, 2) tag number, and 3)Equipment 

service. Provide approximate 2½" x 4" markers for control devices, dampers, and valves; and 4½" x 6" 

for equipment.

PART 3 - EXECUTION

3.1 DELIVERY, STORAGE, AND HANDLING

A. Deliver pipes and tubes with factory-applied end-caps.  Maintain end-caps through shipping, storage, and 

handling to prevent pipe-end damage and prevent entrance of dirt, debris, and moisture.

B. Protect stored pipes and tubes from moisture and dirt.  Elevate above grade.  When stored inside, do not 

exceed structural capacity of the floor.

C. Protect flanges, fittings, and piping specialties from moisture and dirt.

D. Protect stored plastic pipes from direct sunlight.  Support to prevent sagging and bending.

E. Pipe and duct protection during construction:  Protect pipe and duct interiors with plastic plugs or plastic 

sheeting during construction to protect from moisture, construction debris and dust, and other foreign 

materials.  
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3.2 PIPING SYSTEMS--COMMON REQUIREMENTS

A. General:  Install piping as described below, except where system Sections specify otherwise.  Individual 

piping system specification Sections in Division 23 specify piping installation requirements unique to the 

piping system.

B. General Locations and Arrangements:  Drawings (plans, schematics, and diagrams) indicate general 

location and arrangement of piping systems.  Indicated locations and arrangements were used to size pipe 

and calculate friction loss, expansion, pump sizing, and other design considerations.  Install piping as 

indicated, except where deviations to layout are approved on coordination drawings.

C. Install piping at indicated slope.

D. Install components having pressure rating equal to or greater than system operating pressure.

E. Install piping in concealed interior and exterior locations, except in equipment rooms and service areas.

F. Install piping free of sags and bends.

G. Install exposed interior and exterior piping at right angles or parallel to building walls.  Diagonal runs are 

prohibited, except where indicated.

H. Install piping tight to slabs, beams, joists, columns, walls, and other building elements.  Allow sufficient 

space above removable ceiling panels to allow for ceiling panel removal.

I. Install piping to allow application of insulation plus 1-inch clearance around insulation.

J. Locate groups of pipes parallel to each other, spaced to permit valve servicing.

K. Install fittings for changes in direction and branch connections.

L. Install couplings according to manufacturer's printed instructions.

M. Install pipe escutcheons for pipe penetrations of concrete and masonry walls, wall board partitions, and 

suspended ceilings according to the following:

1. Chrome-Plated Piping:  Cast-brass, one-piece, with set-screw, and polished chrome-plated finish.  

Use split-casting escutcheons, where required, for existing piping.

2. Uninsulated Piping Wall Escutcheons:  Cast-brass or stamped-steel, with set-screw.

3. Uninsulated Piping Floor Plates in Utility Areas:  Cast-iron floor plates.

4. Insulated Piping:  Cast-brass or stamped-steel, with concealed hinge, spring clips, and 

chrome-plated finish.

5. Piping in Utility Areas:  Cast-brass or stamped-steel, with set-screw or spring clips.

N. Sleeves are not required for core drilled holes.

O. Fire Barrier Penetrations:  Maintain indicated fire rating of walls, partitions, ceilings, and floors at pipe 

penetrations.  Seal pipe penetrations with firestopping sealant material. 

P. Verify final equipment locations for roughing in.

Q. Refer to equipment specifications in other Sections for roughing-in requirements.

R. Piping Joint Construction:  Join pipe and fittings as follows and as specifically required in individual 

piping system Sections.
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1. Ream ends of pipes and tubes and remove burrs.  Bevel plain ends of steel pipe.

2. Remove scale, slag, dirt, and debris from inside and outside of pipe and fittings before assembly.

3. Soldered Joints:  Construct joints according to AWS "Soldering Manual," Chapter 22 "The 

Soldering of Pipe and Tube."

4. Brazed Joints:  Construct joints according to AWS "Brazing Manual" in the "Pipe and Tube" 

chapter.

5. Threaded Joints:  Thread pipe with tapered pipe threads according to ASME B1.20.1.  Cut threads 

full and clean using sharp dies.  Ream threaded pipe ends to remove burrs and restore full inside 

diameter.  Join pipe fittings and valves as follows:

a. Note the internal length of threads in fittings or valve ends, and proximity of internal seat 

or wall, to determine how far pipe should be threaded into joint.

b. Apply appropriate tape or thread compound to external pipe threads (except where dry seal 

threading is specified).

c. Align threads at point of assembly.

d. Tighten joint with wrench.  Apply wrench to valve end into which pipe is being threaded.

e. Damaged Threads:  Do not use pipe or pipe fittings having threads that are corroded or 

damaged.  Do not use pipe sections that have cracked or open welds.

6. Welded Joints:  Construct joints according to AWS D10.12 "Recommended Practices and 

Procedures for Welding Low Carbon Steel Pipe" using qualified processes and welding operators 

according to the "Quality Assurance" Article.

7. Flanged Joints:  Align flange surfaces parallel.  Select appropriate gasket material, size, type, and 

thickness for service application.  Install gasket concentrically positioned.  Assemble joints by 

sequencing bolt tightening to make initial contact of flanges and gaskets as flat and parallel as 

possible.  Use suitable lubricants on bolt threads.  Tighten bolts gradually and uniformly using 

torque wrench.

8. Plastic Pipe and Fitting Solvent-Cement Joints:  Clean and dry joining surfaces by wiping with 

clean cloth or paper towels.  Join pipe and fittings according to the following standards:

a. Comply with ASTM F 402 for safe handling of solvent-cement and primers.

b. Acrylonitrile-Butadiene-Styrene (ABS):  ASTM D 2235 and ASTM D 2661.

c. Chlorinated Poly(Vinyl Chloride) (CPVC):  ASTM D 2846 and ASTM F 493.

d. Poly(Vinyl Chloride) (PVC) Pressure Application:  ASTM D 2672.

e. Poly(Vinyl Chloride) (PVC) Non-Pressure Application:  ASTM D 2855.

f. PVC to ABS (Non-Pressure) Transition:  Procedure and solvent cement described in 

ASTM D 3138.

9. Plastic Pipe and Fitting Heat-Fusion Joints:  Prepare pipe and fittings and join with heat-fusion 

equipment according to manufacturer's printed instructions.

a. Plain-End Pipe and Fittings:  Butt joining.

b. Plain-End Pipe and Socket-Type Fittings:  Socket joining.

S. Piping Connections:  Except as otherwise indicated, make piping connections as specified below.

1. Install unions in piping 2 inches and smaller adjacent to each valve and at final connection to each 

piece of equipment having a 2-inch or smaller threaded pipe connection.

2. Install flanges in piping 2-1/2 inches and larger adjacent to flanged valves and at final connection 

to each piece of equipment having flanged pipe connection.

3. Dry Piping Systems (Gas):  Install dielectric unions and flanges to connect piping materials of 

dissimilar metals.

3.3 EQUIPMENT INSTALLATION--COMMON REQUIREMENTS

A. Install equipment to provide the maximum possible headroom where mounting heights are not indicated.
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B. Install equipment according to approved submittal data.  Portions of the Work are shown only in 

diagrammatic form.  Refer conflicts to the Engineer.

C. Install equipment level and plumb, parallel and perpendicular to other building systems and components 

in exposed interior spaces, except where otherwise indicated.

D. Install mechanical equipment to facilitate servicing, maintenance, and repair or replacement of equipment 

components.  Connect equipment for ease of disconnecting, with minimum of interference with other 

installations.  Extend grease fittings to an accessible location.

E. Install equipment giving right-of-way to piping systems installed at a required slope.

F. Equipment Supports

1. This Contractor shall provide all bases, concrete inserts, anchor bolts, and structural steel to 

support the equipment, ductwork, piping, etc installed by him. Any equipment legs, guy wire, 

anchors, etc., or any pipe that passes through the roof shall be sealed by a method approved by the 

Engineer.

2. Provide prefabricated seismic roof curbs or rails for roof mounted equipment except where 

otherwise indicated on the drawings.

3. Curbs and rails shall be set on the roof structure and shall have a vertical insulation stop equal to 

the thickness of the roof insulation. (Field verify insulation for each curb and rail.) Install roof 

curbs and rails level and plumb, in accordance with manufacturer's written instructions. 

Coordinate with other elements of the work, including installation of roof deck, substrates, vapor 

barriers, roof insulation, roofing and flashing, as required to insure that the roof system is 

waterproof and weather tight.

a. Anchor curbs and rails securely to supporting structural substrates with bolts or by welding, 

adequate to withstand lateral and thermal stresses as well as inward and outward loading 

pressures.

b. Secure equipment to roof curbs with cadmium-plated screws or bolts or hardware approved 

by the Engineer. Install 3/8" thick sponge type gasket on top of curb to seal gaps between 

equipment and curb, unless otherwise approved by the Engineer.

3.4 LABELING AND IDENTIFYING

A. Piping Systems:  Install pipe markers on each system.  Include arrows showing normal direction of flow.

1. Plastic markers, with application systems.  Install on pipe insulation segment where required for 

hot noninsulated pipes.

2. Locate pipe markers wherever piping is exposed in finished spaces, machine rooms, accessible 

maintenance spaces (shafts, tunnels, plenums), and exposed exterior locations as follows:

a. Near each valve and control device.

b. Near each branch, excluding short take-offs for fixtures and terminal units.  Mark each pipe 

at branch, where flow pattern is not obvious.

c. Near locations where pipes pass through walls, floors, ceilings, or enter inaccessible 

enclosures.

d. At access doors, manholes, and similar access points that permit view of concealed piping.

e. Near major equipment items and other points of origination and termination.

f. Spaced at a maximum of 50-foot intervals along each run.  Reduce intervals to 25 feet in 

congested areas of piping and equipment.

g. On piping above removable acoustical ceilings, except omit intermediately spaced markers.
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B. Equipment:  Install engraved plastic laminate sign or equipment marker on or near each major item of 

mechanical equipment.

1. Lettering Size:  Minimum 1/4-inch -high lettering for name of unit where viewing distance is less 

than 2 feet, 1/2-inch -high for distances up to 6 feet, and proportionately larger lettering for greater 

distances.  Provide secondary lettering 2/3 to 3/4 of size of principal lettering.

2. Text of Signs:  Provide text to distinguish between multiple units, inform operator of operational 

requirements, indicate safety and emergency precautions, and warn of hazards and improper 

operations, in addition to name of identified unit.

C. Adjusting:  Relocate identifying devices which become visually blocked by work of this Division or other 

Divisions.

3.5 PAINTING AND FINISHING

A. Damage and Touch Up:  Repair marred and damaged factory-painted finishes with materials and 

procedures to match original factory finish.

3.6 ERECTION OF METAL SUPPORTS AND ANCHORAGE

A. Cut, fit, and place miscellaneous metal supports accurately in location, alignment, and elevation to 

support and anchor mechanical materials and equipment.

B. Field Welding:  Comply with AWS D1.1 "Structural Welding Code--Steel."

3.7 DEMOLITION

A. Disconnect, demolish, and remove work specified under Division 23 and as indicated.

B. Where pipe, ductwork, insulation, or equipment to remain is damaged or disturbed, remove damaged 

portions and install new products of equal capacity and quality.

C. Accessible Work:  Remove indicated exposed pipe and ductwork in its entirety.

D. Removal:  Remove indicated equipment from the Project site.

E. Temporary Disconnection:  Remove, store, clean, reinstall, reconnect, and make operational equipment 

indicated for relocation.

3.8 CUTTING AND PATCHING

A. This Contractor shall sleeve all holes in the new construction for the installation of his work.  

B. This Contractor shall cut all holes in floors, walls, ceiling, and roof necessary for the installation of the 

work in the existing building. 

C. The holes for piping shall be cut with a diamond edge core drill.  Under no circumstances shall a 

pneumatic or electric hammer be used to cut holes in walls or floors with the exception of the floor on 

ground.  Saw cutting of concrete slab on grade will not be required; however, the floors shall be scored 

with a sharp instrument to outline the trench before breaking floor to obtain a fairly straight line trench.  

Provide watertight receptacle, wedged to bottom of structure, where core drilling occurs; preventing 

water from staining finishes of floors below.
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D. Before cutting holes in floors and ceilings; make careful field measurements at floor and ceiling to 

determine location of structural beams, and under no circumstances shall structural beams be cut or 

damaged during the cutting of these holes.

E. This Contractor shall coordinate the cutting of existing construction with the (Construction Manager, 

Owner, General Contractor) and shall obtain approval prior to commencing any demolition work.

F. The patching of all holes shall be by this Contractor.  Where holes are left after removal of pipes or 

equipment, the openings shall be closed.  All plaster ceiling, ceiling tile, floor tile, wall covering, etc. 

which must be removed in areas which will not receive new finishes under the General Contract Work 

must be replaced by this Contractor including all necessary painting to match existing colors.  If the 

painted area does not blend into and match the adjacent area of a ceiling panel or wall panel, the entire 

ceiling or wall panel must be repainted.  All such patching and painting shall restore areas to like 

conditions at time of starting work, subject to the direction and satisfaction of the Engineer and Owner.  

This Contractor shall hire mechanics skilled in their trades to perform all patching work and painting 

where required.  

G. Where holes are left after removal of pipes or plumbing equipment or due to revisions, alteration, changes 

or errors, the openings shall be closed.

H. This Contractor shall hire mechanics skilled in their trades to perform all patching such as concrete work, 

plastering, painting, etc.  Such patching shall restore areas to like conditions at time of starting work, and 

shall be subject to the approval of the Engineer.

3.9 CAULKING AND SEALANT

A. This Contractor shall furnish and install caulking and sealant for all piping passing through fire rated 

floor structural slab and partition walls.  this shall apply to all piping whether concealed in chases, above 

dropped ceiling areas, or exposed.

B. A Fire-Stop System equivalent to 3M brand fire protection products as required for the specific 

application shall be used to seal penetrations of pipes and conduits through fire-rated walls and floors per 

NEC 300-21, NEC 800-3 (C), and ASTM E-814.

C. All piping shall be firmly secured prior to installation of putty or caulk.  Inspect and clean opening of all 

loose foreign material prior to the installation of the putty or caulk.

D. Install caulk or putty as recommended by the manufacturer.  

3.10 ACCESS TO EQUIPMENT

A. All control devices, specialties, etc., shall be so located as to provide for easy access for operation, repair 

and maintenance; if concealed, access doors shall be provided by this Contractor.

B. The doors shall be Acudor Products Inc (www.acudor.com) of the following types:

1. Plaster ceilings-------------------------------------Type "PS5030"

2. Plaster walls-----------------------------------------Type "PS5030"

3. Masonry walls---------------------------------------Type "UF5000"

4. Gypsum drywall walls-----------------------------Type "DW5040"

5. Gypsum drywall ceilings--------------------------Type "DW5040"

6. Gypsum drywall above finished ceiling -------Type “UF5000”

C. No access doors shall be smaller than 18" x 18".
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D. SPECIAL NOTE:  Install "FW5050” “B" labeled access doors in all 1-hour and 2 -hour fire rated walls 

and ceilings.

E. Furnish all ceiling panels with a factory applied baked-on off-white enamel finish, and all wall panels 

with a factory applied prime coat, baked-on enamel finish.

F. Where valves, control devices, etc., are located above removable ceiling panels, this Contractor shall 

furnish   and install color coded screws or tacks installed in the ceiling tile to identify the location. 

G. All access panels will be installed by the contractor for the installation of the walls or the ceilings in loca-

tions designated by this Contractor.

H. Comparable access panels by Cesco or Milcor will be acceptable.

3.11 SEISMIC RESTRAINTS

A. The contractor shall furnish and install seismic restraints as indicated in the “Anchorage and Sway 

Bracing for Mechanical System Components Schedule” on the Drawings and as specified in Section 

230549 “Mechanical Systems Supports, Bracing and Seismic Restraints”.

3.12 ROOF PENETRATIONS

A. Any penetration of the roof shall be provided with a roof curb, pitch pocket, or other appropriate roof 

penetration apparatus as herein described.

B. Cutting of the metal decking for all unframed openings is the responsibility of the Contractor requiring 

the opening. Cutting, patching and flashing of roof shall be the responsibility of the Contractor needing 

the opening.  Roof cutting and patching shall be coordinated with the roof installer.  The original roof 

warranty shall be maintained. 

C. Roof mounted equipment shall be supported on roof curbs.

D. Piping penetrations shall be made using pipe portals in roof curbs.

E. When penetrations occur in an existing roof, the penetrations shall be made in the presence of the Owner, 

roof installer or General Contractor. If the penetration reveals any indication of wet or damaged roof, 

insulation, sub-roof or structure, all roof work by this contractor shall stop and the General Contractor 

shall be notified in writing as to the conditions found.

F. At all times during construction, this Contractor shall provide temporary covers, enclosures, etc., required 

at roof openings to prevent injury to personnel and to prevent outdoor elements (water, wind, etc.) from 

entering the opening.

3.13 FLASHING:

A. Provide flexible flashing and metal counter flashing where piping and ductwork penetrate weather or 

waterproofed walls, floors, and roofs.

B. Provide acoustical lead flashing around ducts and pipes penetrating equipment rooms, installed in 

accordance with manufacturer's instructions for sound control where indicated on the drawings.

3.14 GROUTING

A. Install nonmetallic nonshrink grout for mechanical equipment base bearing surfaces, pump and other 

equipment base plates, and anchors.  Mix grout according to manufacturer's printed instructions.
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B. Clean surfaces that will come into contact with grout.

C. Provide forms for placement of grout, as required.

D. Avoid air entrapment when placing grout.

E. Place grout to completely fill equipment bases.

F. Place grout on concrete bases to provide a smooth bearing surface for equipment.

G. Place grout around anchors.

H. Cure placed grout according to manufacturer's printed instructions.

END OF SECTION 230050
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SECTION 230513 - MOTORS

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and 

Division 1 Specification Sections, apply to this Section.

1.2 SUMMARY

A. This Section includes basic requirements for factory-installed and field-installed motors.

B. Related Sections include the following:

1. Section 230548 "Mechanical Systems Vibration Control" for mounting motors and vibration 

isolation.

2. Section 230549 “Mechanical Systems, Supports, Bracing and Seismic Requirements”.

3. Division 23 Sections for application of motors and reference to specific motor requirements for 

motor-driven equipment.

4. Section 230000 “Mechanical General Requirements”.

5. Section 230050 “Basic Mechanical Materials and Methods”.

1.3 DEFINITIONS

A. Factory-Installed Motor:  A motor installed by motorized-equipment manufacturer as a component of 

equipment.

B. Field-Installed Motor:  A motor installed at Project site and not factory installed as an integral component 

of motorized equipment.

1.4 SUBMITTALS

A. Product Data for Field-Installed Motors:  For each type and size of motor, provide nameplate data and 

ratings; shipping, installed, and operating weights; mounting arrangements; size, type, and location of 

winding terminations; conduit entry and ground lug locations; and information on coatings or finishes.

B. Shop Drawings for Field-Installed Motors:  Dimensioned plans, elevations, sections, and details, 

including required clearances and service space around equipment.  Include the following:

1. Each installed unit's type and details.

2. Nameplate legends.

3. Diagrams of power and control wiring.  Provide schematic wiring diagram for each type of motor 

and for each control scheme.

C. Coordination Drawings:  Floor plans showing dimensioned layout, required working clearances, and 

required area above and around field-installed motors.  Show motor layout, mechanical power transfer 

link, driven load, and relationship between electrical components and adjacent structural and mechanical 

elements.  Show support locations, type of support, and weight on each support.  Indicate field 

measurements.
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D. Manufacturer Seismic Qualification Certification:  Submit certification that motors, accessories, and 

components will withstand seismic forces defined in Division 23 Section "Mechanical Vibration and 

Seismic Controls."  Include the following:

1. Basis of Certification:  Indicate whether withstand certification is based on actual test of 

assembled components or on calculation.

a. The term "withstand" means "the unit will remain in place without separation of any parts 

from the device when subjected to the seismic forces specified."

2. Dimensioned Outline Drawings of Motorized Equipment:  Identify center of gravity and locate 

and describe mounting and anchorage provisions.

3. Detailed description of equipment anchorage devices on which the certification is based and their 

installation requirements.

E. Qualification Data:  For testing agency.

F. Test Reports:  Written reports specified in Parts 2 and 3.

G. Operation and Maintenance Data:  For field-installed motors to include in emergency, operation, and 

maintenance manuals.

1.5 QUALITY ASSURANCE

A. Testing Agency Qualifications:  An independent testing agency, acceptable to authorities having 

jurisdiction, with the experience and capability to conduct the testing indicated, as documented according 

to ASTM E 548.

B. Source Limitations:  Obtain field-installed motors of a single type through one source from a single 

manufacturer.

C. Product Options for Field-Installed Motors:  Drawings indicate size, profiles, and dimensional 

requirements of motors and are based on the specific system indicated.  Refer to Division 1 Section 

"Product Requirements."

D. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, 

Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for intended 

use.

E. Comply with NFPA 70.

1.6 PROJECT CONDITIONS

A. Existing Utilities:  Do not interrupt utilities serving facilities occupied by Owner or others unless 

permitted under the following conditions and then only after arranging to provide temporary utility 

services according to requirements indicated:

1. Notify Engineer at least two days in advance of proposed utility interruptions.  Identify extent and 

duration of utility interruptions.

2. Indicate method of providing temporary utilities.

3. Do not proceed with utility interruptions without Architect's written permission.

1.7 COORDINATION
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A. Coordinate features of motors, installed units, and accessory devices.  Provide motors that are:

1. Compatible with the following:

a. Magnetic controllers.

b. Multispeed controllers.

c. Reduced-voltage controllers.

2. Designed and labeled for use with variable frequency controllers, and suitable for use throughout 

speed range without overheating.

3. Matched to torque and horsepower requirements of the load.

4. Matched to ratings and characteristics of supply circuit and required control sequence.

B. Coordinate motor support with requirements for driven load; access for maintenance and motor 

replacement; installation of accessories, belts, belt guards; and adjustment of sliding rails for belt 

tensioning.

PART 2 - PRODUCTS

2.1 MOTOR REQUIREMENTS

A. Motor requirements apply to factory-installed and field-installed motors except as follows:

1. Different ratings, performance, or characteristics for a motor are specified in another Section.

2. Manufacturer for a factory-installed motor requires ratings, performance, or characteristics, other 

than those specified in this Section, to meet performance specified.

2.2 MOTOR CHARACTERISTICS

A. Motors 1/2 HP and Larger:  Three phase.

B. Motors Smaller Than 1/2 HP:  Single phase.

C. Frequency Rating:  60 Hz.

D. Voltage Rating:  NEMA standard voltage selected to operate on nominal circuit voltage to which motor is 

connected.

E. Service Factor:  1.15 for open dripproof motors; 1.0 for totally enclosed motors.

F. Duty:  Continuous duty at ambient temperature of 105 deg F, at altitude of 3300 feet above sea level and 

at 100% of the rated load.

G. Capacity and Torque Characteristics:  Sufficient to start, accelerate, and operate connected loads at 

designated speeds, at installed altitude and environment, with indicated operating sequence, and without 

exceeding nameplate ratings or considering service factor.

H. Enclosure:  Open dripproof.

2.3 POLYPHASE MOTORS

A. Description:  NEMA MG 1, Design B, medium induction motor.
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B. Efficiency: Premium efficiency.

1. Energy efficient motors shall be provided with nominal efficiency equal to or greater than  that 

required by NEMA MG1 table 12-6C for that type and rating. 

C. Stator:  Copper windings, unless otherwise indicated.

1. Multispeed motors shall have separate winding for each speed.

D. Rotor:  Squirrel cage, unless otherwise indicated.

E. Bearings:  Double-shielded, prelubricated ball bearings suitable for radial and thrust loading.

F. Temperature Rise:  Match insulation rating, unless otherwise indicated.

G. Insulation:  Class F, unless otherwise indicated.

H. Code Letter Designation:

1. Motors 15 HP and Larger:  NEMA starting Code F or G.

2. Motors Smaller Than 15  HP:  Manufacturer's standard starting characteristic.

I. Enclosure:  Cast iron for motors 7.5  hp and larger; rolled steel for motors smaller than 7.5 hp.

1. Finish:  Gray enamel.

2.4 POLYPHASE MOTORS WITH ADDITIONAL REQUIREMENTS

A. Motors Used with Reduced-Inrush Controllers:  Match wiring connection requirements for controller 

with required motor leads.  Provide terminals in motor terminal box, suited to control method.

B. Motors Used with Variable Frequency Controllers:  Ratings, characteristics, and features coordinated 

with and approved by controller manufacturer.

1. Designed with critical vibration frequencies outside operating range of controller output.

2. Temperature Rise:  Matched to rating for Class B insulation.

3. Insulation:  Class H.

4. Thermal Protection:  Comply with NEMA MG 1 requirements for thermally protected motors.

5. Furnish with shaft grounding rings.

C. Rugged-Duty Motors:  Totally enclosed, with 1.25 minimum service factor, greased bearings, integral 

condensate drains, and capped relief vents.  Windings insulated with nonhygroscopic material.

1. Finish:  Chemical-resistant paint over corrosion-resistant primer.

D. Source Quality Control:  Perform the following tests on each motor according to NEMA MG 1:

1. Measure winding resistance.

2. Read no-load current and speed at rated voltage and frequency.

3. Measure locked rotor current at rated frequency.

4. Perform high-potential test.

2.5 SINGLE-PHASE MOTORS

A. Type:  One of the following, to suit starting torque and requirements of specific motor application:
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1. Permanent-split capacitor.

2. Split-phase start, capacitor run.

3. Capacitor start, capacitor run.

B. Shaded-Pole Motors:  For motors 1/20 hp and smaller only.

C. Thermal Protection:  Internal protection to automatically open power supply circuit to motor when 

winding temperature exceeds a safe value calibrated to temperature rating of motor insulation.  Thermal-

protection device shall automatically reset when motor temperature returns to normal range.

D. Bearings:  Ball type for belt-connected motors and other motors with high radial forces on motor shaft; 

sealed, prelubricated-sleeve type for other single-phase motors.

E. Source Quality Control:  Perform the following tests on each motor according to NEMA MG 1:

1. Measure winding resistance.

2. Read no-load current and speed at rated voltage and frequency.

3. Measure locked rotor current at rated frequency.

4. Perform high-potential test.

PART 3 - EXECUTION

3.1 EXAMINATION

A. Examine areas to receive field-installed motors for compliance with requirements, installation tolerances, 

and other conditions affecting performance.

B. Examine roughing-in of conduit systems to verify actual locations of conduit connections before motor 

installation.

C. Proceed with installation only after unsatisfactory conditions have been corrected.

3.2 MOTOR INSTALLATION

A. Anchor each motor assembly to base, adjustable rails, or other support, arranged and sized according to 

manufacturer's written instructions.  Attach by bolting.  Level and align with load transfer link.

B. Comply with mounting and anchoring requirements specified in Division 23 Section "Mechanical 

Vibration and Seismic Controls."

3.3 FIELD QUALITY CONTROL

A. Prepare for acceptance tests as follows:

1. Run each motor with its controller.  Demonstrate correct rotation, alignment, and speed at motor 

design load.

2. Test interlocks and control features for proper operation.

3. Verify that current in each phase is within nameplate rating.

B. Testing:  Perform the following field quality-control testing:

1. Perform each electrical test and visual and mechanical inspection stated in NETA ATS, 

Section 7.15.1.  Certify compliance with test parameters.
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2. Correct malfunctioning units on-site, where possible, and retest to demonstrate compliance; 

otherwise, replace with new units and retest.

C. Manufacturer's Field Service:  Engage a factory-authorized service representative to perform the 

following:

1. Inspect field-assembled components, equipment installation, and piping and electrical connections 

for compliance with requirements.

2. Test and adjust controls and safeties.  Replace damaged and malfunctioning controls and 

equipment.

3. Verify bearing lubrication.

4. Verify proper motor rotation.

5. Test Reports:  Prepare a written report to record the following:

a. Test procedures used.

b. Test results that comply with requirements.

c. Test results that do not comply with requirements and corrective action taken to achieve 

compliance.

3.4 ADJUSTING

A. Align motors, bases, shafts, pulleys and belts.  Tension belts according to manufacturer's written 

instructions.

3.5 CLEANING

A. After completing equipment installation, inspect unit components.  Remove paint splatters and other 

spots, dirt, and debris.  Repair damaged finish to match original finish.

B. Clean motors, on completion of installation, according to manufacturer's written instructions.

END OF SECTION 230513
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SECTION 230529 - HANGERS AND SUPPORTS

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and 

Division 1 Specification Sections, apply to this Section.

1.2 SUMMARY

A. This Section includes hangers and supports for mechanical system piping and equipment.

B. Related Sections include the following:

1. Division 5 Section "Metal Fabrications" for materials for attaching hangers and supports to 

building structure.

2. Section 230548 "Mechanical Systems Vibration Control" for vibration isolation.

3. Section 230549 “Mechanical, Plumbing and Fire Protection Systems; Supports, Bracing and 

Seismic Requirements”.

4. Section 230000 “Mechanical General Requirements”.

5. Section 230050 “Basic Mechanical Materials and Methods”.

1.3 DEFINITIONS

A. MSS:  Manufacturers Standardization Society for the Valve and Fittings Industry.

B. Terminology:  As defined in MSS SP-90, "Guidelines on Terminology for Pipe Hangers and Supports."

1.4 SUBMITTALS

A. Product Data:  For each type of pipe hanger, channel support system component, and thermal-hanger 

shield insert indicated.

B. Shop Drawings:  Signed and sealed by a qualified professional engineer for multiple piping supports and 

trapeze hangers.  Include design calculations and indicate size and characteristics of components and 

fabrication details.

C. Welding Certificates:  Copies of certificates for welding procedures and operators.

1.5 QUALITY ASSURANCE

A. Welding:  Qualify processes and operators according to ASME Boiler and Pressure Vessel Code:  

Section IX, "Welding and Brazing Qualifications."

B. Engineering Responsibility:  Design and preparation of Shop Drawings and calculations for each multiple 

pipe support and trapeze by a qualified professional engineer.

C. Engineering Responsibility:  Design and preparation of Shop Drawings and calculations for each multiple 

pipe support, trapeze, and seismic restraint by a qualified professional engineer.

1. Professional Engineer Qualifications:  A professional engineer who is legally qualified to practice 

in jurisdiction where Project is located and who is experienced in providing engineering services 

of the kind indicated.  Engineering services are defined as those performed for installations of 
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hangers and supports that are similar to those indicated for this Project in material, design, and 

extent.

PART 2 - PRODUCTS

2.1 MANUFACTURERS

A. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:

1. Pipe Hangers:

a. B-Line Systems, Inc.

b. Globe Pipe Hanger Products, Inc.

c. Grinnell Corp.

d. Michigan Hanger Co., Inc.

e. National Pipe Hanger Corp.

2. Channel Support Systems:

a. B-Line Systems, Inc.

b. Grinnell Corp.; Power-Strut Unit.

c. Michigan Hanger Co., Inc.; O-Strut Div.

d. National Pipe Hanger Corp.

e. Unistrut Corp.

3. Thermal-Hanger Shield Inserts:

a. Michigan Hanger Co., Inc.

b. Pipe Shields, Inc.

2.2 MANUFACTURED UNITS

A. Pipe Hangers, Supports, and Components:  MSS SP-58, factory-fabricated components.  Refer to 

"Hanger and Support Applications" Article in Part 3 for where to use specific hanger and support types.

1. Galvanized, Metallic Coatings:  For piping and equipment that will not have field-applied finish.

2. Nonmetallic Coatings:  On attachments for electrolytic protection where attachments are in direct 

contact with copper tubing.

B. Channel Support Systems:  MFMA-2, factory-fabricated components for field assembly.

1. Coatings:  Manufacturer's standard finish, unless bare metal surfaces are indicated.

2. Nonmetallic Coatings:  On attachments for electrolytic protection where attachments are in direct 

contact with copper tubing.

C. Thermal-Hanger Shield Inserts:  100-psi minimum compressive-strength insulation, encased in sheet 

metal shield.

1. Material for Cold Piping:  ASTM C 552, Type I cellular glass with vapor barrier.

2. Material for Hot Piping:  ASTM C 552, Type I cellular glass.

3. For Trapeze or Clamped System:  Insert and shield cover entire circumference of pipe.

4. For Clevis or Band Hanger:  Insert and shield cover lower 180 degrees of pipe.

5. Insert Length:  Extend 2 inches beyond sheet metal shield for piping operating below ambient air 

temperature.

2.3 MISCELLANEOUS MATERIALS
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A. Mechanical-Anchor Fasteners:  Insert-type attachments with pull-out and shear capacities appropriate for 

supported loads and building materials where used.

B. Structural Steel:  ASTM A 36/A 36M, steel plates, shapes, and bars, black and galvanized.

C. Grout:  ASTM C 1107, Grade B, factory-mixed and -packaged, nonshrink and nonmetallic, dry, 

hydraulic-cement grout.

1. Characteristics:  Post hardening and volume adjusting;  recommended for both interior and 

exterior applications.

2. Properties:  Nonstaining, noncorrosive, and nongaseous.

3. Design Mix:  5000-psi, 28-day compressive strength.

PART 3 - EXECUTION

3.1 HANGER AND SUPPORT APPLICATIONS

A. Specific hanger requirements are specified in Sections specifying equipment and systems.

B. Comply with MSS SP-69 for pipe hanger selections and applications that are not specified in piping 

system Specification Sections.

C. Horizontal-Piping Hangers and Supports:  Unless otherwise indicated and except as specified in piping 

system Specification Sections, install the following types:

1. Adjustable Steel Clevis Hangers (MSS Type 1):  For suspension of noninsulated or insulated 

stationary pipes, NPS 2-1/2  to NPS 30.  Provide Plastic coated hangers for hot piping.

2. Adjustable Swivel Split- or Solid-Ring Hangers (MSS Type 6):  For suspension of noninsulated or 

insulated stationary pipes, NPS 1/2 to NPS 2.  provide plastic coated hangers for hot piping.

3. Adjustable Swivel-Ring Band Hangers (MSS Type 10):  For suspension of noninsulated stationary 

pipes, NPS 1/2 to NPS 2.

4. Single Pipe Rolls (MSS Type 41):  For suspension of pipes, NPS 1 to NPS 30, from two rods if 

longitudinal movement caused by expansion and contraction might occur.

D. Vertical-Piping Clamps:  Unless otherwise indicated and except as specified in piping system 

Specification Sections, install the following types:

1. Extension Pipe or Riser Clamps (MSS Type 8):  For support of pipe risers, NPS 3/4 to NPS 20.

2. Carbon- or Alloy-Steel Riser Clamps (MSS Type 42):  For support of pipe risers, NPS 3/4 to 

NPS 20, if longer ends are required for riser clamps.

E. Hanger-Rod Attachments:  Unless otherwise indicated and except as specified in piping system 

Specification Sections, install the following types:

1. Steel Turnbuckles (MSS Type 13):  For adjustment up to 6 inches for heavy loads.

2. Swivel Turnbuckles (MSS Type 15):  For use with MSS Type 11, split pipe rings.

3. Malleable-Iron Sockets (MSS Type 16):  For attaching hanger rods to various types of building 

attachments.

F. Building Attachments:  Unless otherwise indicated and except as specified in piping system Specification 

Sections, install the following types:

1. Steel or Malleable Concrete Inserts (MSS Type 18):  For upper attachment to suspend pipe 

hangers from concrete ceiling.



230529 - HANGERS AND SUPPORTS 230529 - 4

2. Top-Beam C-Clamps (MSS Type 19):  For use under roof installations with bar-joist construction 

to attach to top flange of structural shape.

3. Side-Beam or Channel Clamps (MSS Type 20):  For attaching to bottom flange of beams, 

channels, or angles.

4. Center-Beam Clamps (MSS Type 21):  For attaching to center of bottom flange of beams.

5. Welded Beam Attachments (MSS Type 22):  For attaching to bottom of beams if loads are 

considerable and rod sizes are large.

6. C-Clamps (MSS Type 23):  For structural shapes.

7. Top-Beam Clamps (MSS Type 25):  For top of beams if hanger rod is required tangent to flange 

edge.

8. Side-Beam Clamps (MSS Type 27):  For bottom of steel I-beams.

9. Linked-Steel Clamps with Eye Nuts (MSS Type 29):  For attaching to bottom of steel I-beams for 

heavy loads, with link extensions.

10. Malleable Beam Clamps with Extension Pieces (MSS Type 30):  For attaching to structural steel.

11. Plate Lugs (MSS Type 57):  For attaching to steel beams if flexibility at beam is required.

12. Horizontal Travelers (MSS Type 58):  For supporting piping systems subject to linear horizontal 

movement where head room is limited.

G. Saddles and Shields:  Unless otherwise indicated and except as specified in piping system Specification 

Sections, install the following types:

1. Steel Pipe-Covering Protection Saddles (MSS Type 39):  To fill interior voids with insulation that 

matches adjoining insulation.

2. Protection Shields (MSS Type 40):  Of length recommended by manufacturer to prevent crushing 

insulation.

H. Spring Hangers and Supports:  Unless otherwise indicated and except as specified in piping system 

Specification Sections, install the following types:

1. Restraint-Control Devices (MSS Type 47):  Where indicated to control piping movement.

2. Spring Cushions (MSS Type 48):  For light loads if vertical movement does not exceed 1-1/4 

inches .

3. Spring-Cushion Roll Hangers (MSS Type 49):  For equipping Type 41 roll hanger with springs.

4. Spring Sway Braces (MSS Type 50):  To retard sway, shock, vibration, or thermal expansion in 

piping systems.

5. Variable-Spring Hangers (MSS Type 51):  Preset to indicated load and limit variability factor to 

25 percent to absorb expansion and contraction of piping system from hanger.

6. Variable-Spring Base Supports (MSS Type 52):  Preset to indicated load and limit variability 

factor to 25 percent to absorb expansion and contraction of piping system from base support.

7. Variable-Spring Trapeze Hangers (MSS Type 53):  Preset to indicated load and limit variability 

factor to 25 percent to absorb expansion and contraction of piping system from trapeze support.

8. Constant Supports:  For critical piping stress and if necessary to avoid transfer of stress from one 

support to another support, critical terminal, or connected equipment.  Include auxiliary stops for 

erection, hydrostatic test, and load-adjustment capability.  These supports include the following 

types:

a. Horizontal (MSS Type 54):  Mounted horizontally.

b. Vertical (MSS Type 55):  Mounted vertically.

c. Trapeze (MSS Type 56):  Two vertical-type supports and one trapeze member

3.2 HANGER AND SUPPORT INSTALLATION

A. Pipe Hanger and Support Installation:  Comply with MSS SP-69 and MSS SP-89.  Install hangers, 

supports, clamps, and attachments as required to properly support piping from building structure.
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B. Channel Support System Installation:  Arrange for grouping of parallel runs of piping and support 

together on field-assembled channel systems.

1. Field assemble and install according to manufacturer's written instructions.

C. Heavy-Duty Steel Trapeze Installation:  Arrange for grouping of parallel runs of horizontal piping and 

support together on field-fabricated, heavy-duty trapezes.

1. Pipes of Various Sizes:  Support together and space trapezes for smallest pipe size or install 

intermediate supports for smaller diameter pipes as specified above for individual pipe hangers.

2. Field fabricate from ASTM A 36/A 36M, steel shapes selected for loads being supported.  Weld 

steel according to AWS D-1.1.

D. Install building attachments within concrete slabs or attach to structural steel.  Space attachments within 

maximum piping span length indicated in MSS SP-69.  Install additional attachments at concentrated 

loads, including valves, flanges, guides, strainers, and expansion joints, and at changes in direction of 

piping.  Install concrete inserts before concrete is placed; fasten inserts to forms and install reinforcing 

bars through openings at top of inserts.

E. Install mechanical-anchor fasteners in concrete after concrete is placed and completely cured.  Install 

fasteners according to manufacturer's written instructions.

F. Install hangers and supports complete with necessary inserts, bolts, rods, nuts, washers, and other 

accessories.

G. Install hangers and supports to allow controlled thermal and seismic movement of piping systems, to 

permit freedom of movement between pipe anchors, and to facilitate action of expansion joints, 

expansion loops, expansion bends, and similar units.

H. Load Distribution:  Install hangers and supports so that piping live and dead loads and stresses from 

movement will not be transmitted to connected equipment.

I. Pipe Slopes:  Install hangers and supports to provide indicated pipe slopes and so maximum pipe 

deflections allowed by ASME B31.9, "Building Services Piping," is not exceeded.

J. Insulated Piping:  Comply with the following:

1. Attach clamps and spacers to piping.

a. Piping Operating above Ambient Air Temperature:  Clamp may project through insulation.

b. Piping Operating below Ambient Air Temperature:  Use thermal-hanger shield insert with 

clamp sized to match OD of insert.

c. Do not exceed pipe stress limits according to ASME B31.9.

2. Install MSS SP-58, Type 39 protection saddles, if insulation without vapor barrier is indicated.  

Fill interior voids with insulation that matches adjoining insulation.

3. Install MSS SP-58, Type 40 protective shields on cold piping with vapor barrier.  Shields shall 

span arc of 180 degrees.

4. Shield Dimensions for Pipe:  Not less than the following:

a. NPS 1/4 to NPS 3-1/2:  12 inches long and 0.048 inch thick.

b. NPS 4:  12 inches long and 0.06 inch thick.

c. NPS 5 and NPS 6:  18 inches long and 0.06 inch thick.

d. NPS 8 to NPS 14:  24 inches long and 0.075 inch thick.
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e. NPS 16 to NPS 24:  24 inches long and 0.105 inch thick.

5. Pipes NPS 8 and Larger:  Include wood inserts.

6. Insert Material:  Length at least as long as protective shield.

7. Thermal-Hanger Shields:  Install with insulation same thickness as piping insulation.

3.3 EQUIPMENT SUPPORTS

A. Fabricate structural-steel stands to suspend equipment from structure above or to support equipment 

above floor.

B. Grouting:  Place grout under supports for equipment and make smooth bearing surface.

3.4 METAL FABRICATION

A. Cut, drill, and fit miscellaneous metal fabrications for heavy-duty steel trapezes and equipment supports.

B. Fit exposed connections together to form hairline joints.  Field-weld connections that cannot be shop-

welded because of shipping size limitations.

C. Field Welding:  Comply with AWS D1.1 procedures for shielded metal arc welding, appearance and 

quality of welds, and methods used in correcting welding work, and with the following:

1. Use materials and methods that minimize distortion and develop strength and corrosion resistance 

of base metals.

2. Obtain fusion without undercut or overlap.

3. Remove welding flux immediately.

4. Finish welds at exposed connections so no roughness shows after finishing and contours of welded 

surfaces match adjacent contours.

3.5 ADJUSTING

A. Hanger Adjustment:  Adjust hangers to distribute loads equally on attachments and to achieve indicated 

slope of pipe.

3.6 PAINTING

A. Touching Up:  Clean field welds and abraded areas of shop paint.  Paint exposed areas immediately after 

erecting hangers and supports.  Use same materials as used for shop painting.  Comply with SSPC-PA 1 

requirements for touching up field-painted surfaces.

1. Apply paint by brush or spray to provide a minimum dry film thickness of 2.0 mils.

B. Touching Up:  Cleaning and touchup painting of field welds, bolted connections, and abraded areas of 

shop paint on miscellaneous metal are specified in Division 9 Section "Painting."

C. Galvanized Surfaces:  Clean welds, bolted connections, and abraded areas and apply galvanizing-repair 

paint to comply with ASTM A 780.

END OF SECTION 230529
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SECTION 230548 - MECHANICAL SYSTEMS VIBRATION CONTROL

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and 

Division 1 Specification Sections, apply to this Section.

B. Related Technical Specifications:

1. Section 230529 – Hangers and Pipe Supports.

2. Section 230549 – Mechanical Supports, Bracing and Seismic Restraints.

3. Section 230000 – Mechanical General Requirements.

4. Section 230050 – Basic Mechanical Materials and Methods.

1.2 SUMMARY

A. This Section includes furnishing and installing the following, as specified herein and shown on the 

Drawings:

1. Spring hangers.

2. Thrust limits.

3. Pipe riser resilient supports.

4. Resilient pipe guides.

1.3 DEFINITIONS

A. IBC: International Building Code.

B. ICC-ES: ICC-Evaluation Service.

1.4 PERFORMANCE REQUIREMENTS

A. Component Amplification Factor:  Refer to ASCE 7-10 “Minimum Design Loads for Buildings and Other 

Structures, Table 12.2-1.

1.5 SUBMITTALS

A. Product Data:  Include load deflection curves for each vibration isolation device.

B. Shop Drawings:  Signed and sealed by a qualified, registered professional engineer.  Include the following, 

at a minimum:

1. Design Calculations:  Calculate requirements for selecting vibration isolators and seismic restraints 

and for designing vibration isolation bases.

2. Riser Supports:  Include riser diagrams and calculations showing anticipated expansion and 

contraction at each support point, initial and final loads on building structure, spring deflection 

changes, and seismic loads.  Include certification that riser system has been examined for excessive 

stress and that none will exist.

3. Vibration Isolation Base Details:  Detail fabrication, including anchorages and attachments to 

structure and to supported equipment.  Include auxiliary motor slides and rails, base weights, 

equipment static loads, power transmission, component misalignment, and cantilever loads.
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4. Submittals for Interlocking Snubbers:  Include load deflection curves up to 1/2-inch deflection in x, 

y, and z planes.

C. Welding certificates.

D. Manufacturer Seismic Qualification Certification:  Submit certification that all specified equipment will 

withstand seismic forces identified in "Performance Requirements" Article above.  Include the following:

1. Basis for Certification:  Indicate whether withstand certification is based on actual test of assembled 

components or on calculations.

a. The term "withstand" means "the unit will remain in place without separation of any parts 

from the device when subjected to the seismic forces specified."

2. Dimensioned Outline Drawings of Equipment Unit:  Identify center of gravity and locate and 

describe mounting and anchorage provisions.

3. Detailed description of equipment anchorage devices on which the certification is based and their 

installation requirements.

1.6 QUALITY ASSURANCE

A. Vibration isolation devices shall have been subjected to horizontal and vertical load testing and analysis 

acceptable to authorities having jurisdiction, showing maximum ratings.  Ratings based on independent 

testing are preferred to ratings based on calculations.  Calculations (including combining shear and tensile 

loads) to support vibration isolation designs must be signed and sealed by a qualified professional engineer.  

Testing and calculations must include both shear and tensile loads and one test or analysis at 45 degrees to 

the weakest mode.

B. Welding:  Qualify procedures and personnel according to AWS D1.1, "Structural Welding Code--Steel."

PART 2 - PRODUCTS

2.1 MANUFACTURERS

A. Acceptable Manufacturers:  Subject to compliance with requirements, manufacturers offering products that 

may be incorporated into the Work include, but are not limited to, the manufacturers named below for each 

different product category.

2.2 VIBRATION ISOLATORS

A. Acceptable Manufacturers:

1. Ace Mounting Co., Inc.

2. Amber/Booth Company, Inc.

3. B-Line Systems, Inc.

4. Isolation Technology, Inc.

5. Vibration Mountings & Controls/Korfund.

6. Mason Industries.

B. Spring Hangers:  Combination coil-spring and elastomeric-insert hanger with spring and insert in 

compression.

1. Frame:  Steel, fabricated for connection to threaded hanger rods and to allow for a maximum of 30 

degrees of angular hanger-rod misalignment without binding or reducing isolation efficiency.
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2. Outside Spring Diameter:  Not less than 80 percent of the compressed height of the spring at rated 

load.

3. Minimum Additional Travel:  50 percent of the required deflection at rated load.

4. Lateral Stiffness:  More than 80 percent of the rated vertical stiffness.

5. Overload Capacity:  Support 200 percent of rated load, fully compressed, without deformation or 

failure.

6. Elastomeric Element:  Molded, oil-resistant rubber or neoprene.  Steel-washer-reinforced cup to 

support spring and bushing projecting through bottom of frame.

C. Thrust Limits:  Combination coil spring and elastomeric insert with spring and insert in compression and 

with a load stop.  Include rod and angle-iron brackets for attaching to equipment.

1. Frame:  Steel, fabricated for connection to threaded rods and to allow for a maximum of 30 degrees 

of angular rod misalignment without binding or reducing isolation efficiency.

2. Outside Spring Diameter:  Not less than 80 percent of the compressed height of the spring at rated 

load.

3. Minimum Additional Travel:  50 percent of required deflection at rated load.

4. Lateral Stiffness:  More than 80 percent of the rated vertical stiffness.

5. Overload Capacity:  Support 200 percent of rated load, fully compressed, without deformation or 

failure.

6. Elastomeric Element:  Molded, oil-resistant rubber or neoprene.

7. Coil Spring:  Factory set and field adjustable for a maximum of 1/4-inch movement at start and stop.

D. Pipe Riser Resilient Support:  All-directional, acoustical pipe anchor consisting of 2 steel tubes separated by 

a minimum of 1/2-inch- thick, 60-durometer neoprene.  Include steel and neoprene vertical-limit stops 

arranged to prevent vertical travel in both directions.  Design support for a maximum load on the isolation 

material of 500 psig and for equal resistance in all directions.

E. Resilient Pipe Guides:  Telescopic arrangement of 2 steel tubes separated by a minimum of 1/2-inch- thick, 

60-durometer neoprene.  Factory set guide height with a shear pin to allow vertical motion due to pipe 

expansion and contraction.  Shear pin shall be removable and re-insertable to allow for selection of pipe 

movement.  Guides shall be capable of motion to meet location requirements.

2.3 FACTORY FINISHES

A. Manufacturer's standard prime-coat finish ready for field painting.

B. Finish:  Manufacturer's standard paint applied to factory-assembled and -tested equipment before shipping.

1. Powder coating on springs and housings.

2. All hardware shall be electro-galvanized.  Hot-dip galvanized metal components for exterior use.

3. Baked enamel for metal components on isolators for interior use.

4. Color-code or otherwise mark vibration isolation and seismic-control devices to indicate capacity 

range.

PART 3 - EXECUTION

3.1 EXAMINATION

A. Examine areas and equipment to receive vibration isolation and seismic-control devices for compliance with 

requirements, installation tolerances, and other conditions affecting performance.

B. Examine roughing-in of reinforcement and cast-in-place anchors to verify actual locations before 

installation.
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C. Proceed with installation only after unsatisfactory conditions have been corrected.

3.2 INSTALLATION

A. Install thrust limits at centerline of thrust, symmetrical on either side of equipment.

B. Install steel angles or channel, sized to prevent buckling, clamped with ductile-iron clamps to hanger rods 

for trapeze and individual pipe hangers.  At trapeze anchor locations, shackle piping to trapeze.  

Requirements apply equally to hanging equipment.  Do not weld angles to rods.

C. Install resilient bolt isolation washers on equipment anchor bolts.

3.3 FIELD QUALITY CONTROL TESTS

A. Testing:  Perform the following field quality-control testing:

1. Isolator clearance.

2. Isolator deflection.

3.4 ADJUSTING

A. Adjust isolators after piping systems have been filled and equipment is at operating weight.

B. Attach thrust limits at centerline of thrust and adjust to a maximum of 1/4-inch movement during start and 

stop.

C. Adjust active height of spring isolators.

3.5 CLEANING

A. After completing equipment installation, inspect vibration isolation / control devices.  Remove paint 

splatters and other spots, dirt, and debris.

END OF SECTION 230548



230549 - MECHANICAL, SYSTEMS

SUPPORTS, BRACING, AND SEISMIC RESTRAINTS 230549-1

SECTION 230549 - MECHANICAL SYSTEMS - SUPPORTS, BRACING AND SEISMIC RESTRAINTS

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and 

Division 1 Specification Sections, apply to this Section.

B. St. Louis County, Missouri  Rules, Regulations, and Interpretations; Earthquake Resistant Architectural, 

Mechanical, Electrical, & Plumbing System Components dated March 14, 2011.

C. 2010 ASCE (American Society of Civil Engineers) 7 - Minimum Design Loads for Buildings and Other 

Structures.

D. SMACNA Seismic Restraint Manual Guidelines for Mechanical Systems (latest edition).

E. International Code Council (ICC) Evaluation Service Program-provided seismic restraint, anchorage, and 

only bracing guidelines and details (latest editions).

F. Office of Statewide Health Planning and Development published seismic restraint manuals, guidelines 

and details (latest editions).

1.2 SUMMARY

A. This Section includes designing, furnishing, and installing the following:

1. Hangers and supports for mechanical (HVAC or process) and plumbing or fire protection 

equipment and systems.

2. Seismic restraints for mechanical (HVAC or process) and plumbing or fire protection equipment 

and systems.

3. Concrete bases for mechanical, plumbing or fire protection equipment.

1.3 DEFINITIONS

A. ASTM:  American Society for Testing and Materials

B. AWS:  American Welding Society

C. IBC: International Building Code (2018 IBC)

D. ICC:  International Code Council.

E. MFMA:  Metal Framing Manufacturer’s Association.

F. MSS:  Manufacturer's Standardization Society.

G. NBC:  National Building Code (latest edition).

H. NFPA:  National Fire Protection Association.

I. OSHPD:  Office of Statewide Health Planning and Development.

J. SBC:  Standard Building Code (latest edition).
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K. Seismic Restraint:  A structural support element (such as a metal framing member, a cable, an anchor bolt 

or stud, a fastening device, or an assembly of these items) used to transfer seismic forces from an item of 

equipment or system to a building structural element and/or to limit movement of such item during a 

seismic event.

L. SMACNA:  Sheet Metal and Air Conditioning Contractor's National Association.

M. UBC:  Uniform Building Code (latest edition).

1.4 SUBMITTALS

A. Product Data submitted shall illustrate and indicate style, material, strength, fastening provision, and 

finish for each type and size of electrical support or seismic-restraint component used:

1. Tabulate types, sizes and points of application of all seismic restraints, anchorages, sway bracing 

and other support elements to be used complete with report on numbers and rated strength in 

tension and shear, as evaluated by an agency acceptable to authorities having jurisdiction.

2. Annotate to indicate application point of each product submitted and to document compliance with 

requirements.

B. Shop Drawings submitted shall indicate materials and dimensions as well as identify hardware, (including 

attachment and anchorage devices), identify seismic support locations, all signed and sealed by a 

qualified registered professional engineer.  Professional engineer qualification requirements are specified 

in Division 1 of this Specification include the following, as a minimum:

1. Fabricated Supports:  Representations of field-fabricated supports for all required locations.

2. Seismic Restraints:  Detailing anchorage bracing, and location.  Include the following:

a. Design Analysis:  To support selection and arrangement of seismic restraints.  Include 

calculations of combined tensile and shear loads. Include location of designed restraint.

b. Details:  Fabrication and arrangement, as well as attachments of restraints to the restrained 

items and to the structure shall be detailed.  Show attachment locations, methods, and 

spacings.  Identify components, list their strengths, and indicate directions and values of 

forces transmitted to the structure during seismic events.

c. Pre-approval and Evaluation Documentation from by an agency acceptable to authorities 

having jurisdiction shall be submitted, showing maximum ratings of restraint items and the 

basis for approval (tests or calculations).

d. Location: Identify by tables or drawings all required seismic restraint locations and 

associated restraints for this Project.

3. Contractor is hereby cautioned that the design of the anchorages, sway bracing, seismic restraints, 

and other support elements required to be completed under this Section of this Specification by a 

qualified, registered professional engineer may NOT be accomplished solely by means of general 

references to published design manuals, tables, standard details, or other such references from 

Accepted Engineering Practice documents.  However, incorporating such information, tables, 

details, or other published reference material directly into the specific design of such anchorages, 

sway bracing, seismic restraints, and other support elements required to be completed under this 

Section of this Specification (that will ultimately be signed and sealed by the registered 

professional engineer prior to submittal) is permissible.

4. Contractor is hereby further cautioned that the use of earthquake resistance practices or guidelines 

contained in 2002 NFPA 13 Standard in the design of the anchorages, sway bracing, seismic 

restraints, and other support elements required to be completed under this Section of this 

Specification by a qualified, registered professional engineer is allowed ONLY to the extent that 

the exceptions and precautions contained in the St. Louis County, Missouri  Rules, Regulations, 
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and Interpretations; Earthquake Resistant Architectural, Mechanical, Electrical, & Plumbing 

System Components are observed.

C. Coordination Drawings shall show coordination of seismic bracing for mechanical, plumbing and fire 

protection components with other systems and equipment in the vicinity, including other supports and 

seismic restraints.

D. Welding certificates shall be submitted, as appropriate.

E. Qualification Data for registered professional design engineer and testing agency shall be submitted.

F. Field quality-control test reports shall be submitted.

1.5 QUALITY ASSURANCE

A. Comply with seismic-restraint requirements in the IBC, unless requirements in these Contract Documents 

are more stringent.

B. Testing of Seismic Anchorage Devices:  Comply with testing requirements in Part 3 of this Specification 

Section.

C. Welding:  Qualify welding procedures and welding personnel capabilities according to 

AWS D1.1/D1.1M, "Structural Welding Code - Steel."

D. Seismic restraint devices shall have been subjected to both horizontal and vertical load testing and 

analysis acceptable to authorities having jurisdiction, showing maximum seismic restraint ratings.

Ratings based on independent testing are preferred to ratings based on calculations.  Testing and/or 

calculations must include both shear and tensile loads (including combined shear and tensile loads), and 

one test or analysis at 45 degrees to the weakest mode.  

1.6 PROJECT CONDITIONS

A. See Table(s) on Contract Drawings for specific project conditions.

B. Site Class = D.

PART 2 - PRODUCTS

2.1 MANUFACTURERS

A. In other Part 2 articles where titles below introduce lists of acceptable manufacturers, the following 

requirements apply to product selection:

1. Manufacturers:  Subject to compliance with requirements, provide products by one of the 

manufacturers specified or Engineer-approved equal.

2.2 SUPPORT, ANCHORAGE, AND ATTACHMENT COMPONENTS

A. Rated Strength:  Adequate in tension, shear, and pullout force to resist maximum loads calculated or 

imposed on mechanical and plumbing system components for this Project, with a minimum structural 

safety factor of five (5) times the applied force.

B. Steel Slotted Support Systems shall comply with MFMA-3, factory-fabricated components for field 

assembly.
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1. Acceptable Manufacturers:

a. Cooper B-Line; a division of Cooper Industries.

b. ERICO International Corporation.

c. Allied Support Systems; Power-Strut Unit.

d. GS Metals Corp.

e. Michigan Hanger Co., Inc.; O-Strut Div.

f. National Pipe Hanger Corp.

g. Thomas & Betts Corporation.

h. Unistrut; Tyco International, Ltd.

i. Wesanco, Inc.

j. Engineer-approved equal.

2. Finishes:

a. Metallic Coatings:  Hot-dip galvanized after fabrication and applied according to MFMA-

3.

b. Painted Coatings:  Manufacturer's standard painted coating applied according to MFMA-3.

3. Channel Dimension shall be selected for structural loading condition and applicable seismic 

forces.

C. Raceway and Cable Tray Support shall be as described in the IBC and ASCE 7 documents.

D. Conduit and Cable Support Device shall be steel hangers, clamps, and associated fittings, specifically 

designed for the types and sizes of raceway or pipe to be supported.

E. Structural Steel for Fabricated Supports and Restraints:  ASTM A 36/A 36M, steel plates, shapes, and 

bars; black and galvanized.

F. Mounting, Anchoring, and Attachment Components:  Requirements for items for fastening mechanical or 

plumbing items or their supports to building surfaces shall include the following:

1. Verify suitability of all fasteners for use with lightweight concrete or concrete slabs less than 4 

inches thick.

2. Powder-Actuated Fasteners shall be threaded-steel stud, for use in hardened portland cement 

concrete, steel, or wood; with tension, shear, and pullout capacities appropriate for supported loads 

and building materials where used.

a. Acceptable Manufacturers:

1) Hilti, Inc.

2) ITW Construction Products.

3) MKT Fastening, LLC.

4) Simpson Strong-Tie Co. Inc.

5) Engineer-approved equal.

3. Mechanical-Expansion Anchors shall be insert-wedge-type, stainless steel, for use in hardened 

portland cement concrete; with tension, shear, and pullout capacities appropriate for supported 

loads and building materials in which used.

a. Acceptable Manufacturers:

1) Cooper B-Line; a division of Cooper Industries.

2) Empire Tool and Manufacturing Co., Inc
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3) Hilti, Inc.

4) ITW Construction Products.

5) MKT Fastening, LLC.

6) Powers Fasteners.

7) Engineer-approved equal.

4. Concrete Inserts shall be steel or malleable-iron slotted-support-system units similar to MSS 

Type 18; complying with MFMA-3 or MSS SP-58.

5. Clamps for Attachment to Steel Structural Elements shall conform to MSS SP-58, type suitable for 

attached structural element.

6. Through Bolts shall be structural type, hex head, high-strength.  Comply with ASTM A 325.

7. Toggle Bolts shall be all-steel springhead type.

8. Hanger Rods shall be threaded steel.

2.3 SEISMIC RESTRAINT COMPONENTS

A. Manufacturers:

1. Amber/Booth Company, Inc.

2. B-Line Systems, Inc.

3. California Dynamics Corp.

4. Kinetics Noise Control, Inc.

5. Loos & Co., Inc.; Cableware Technology Division.

6. Mason Industries, Inc.

7. Unistrut Diversified Products Co.; Wayne Manufacturing Division.

8. Vibration Eliminator Co., Inc.

9. Vibration Isolation Co., Inc.

10. Vibration Mountings & Controls/Korfund.

B. Rated Strength, Features, and Application Requirements for Restraint Components shall be as defined by 

an agency acceptable to authorities having jurisdiction.

1. Structural Safety Factor:  Strength in tension, shear, and pullout force of components used shall be 

at least five (5) times the maximum seismic forces to which they will be subjected.

C. Angle and Channel-Type Brace Assemblies:  Steel angles or steel slotted-support-system components; 

with accessories for attachment to braced component at one end and to building structure at the other end.

D. Cable Restraints:  ASTM A 603, zinc-coated, steel wire rope attached to steel or stainless-steel thimbles, 

brackets, swivels, and bolts designed for restraining cable service.

E. Seismic Mountings, Anchors, and Attachments:  For this application, items shall be selected to resist 

seismic forces.

1. Hanger Rod Stiffeners shall be steel tube or steel slotted-support-system sleeves with internally 

bolted connections or reinforcing steel angle clamped to hanger rod, of design recognized by an 

agency acceptable to authorities having jurisdiction.

2. Bushings for Floor-Mounted Equipment Anchors shall be neoprene units designed for seismically 

rated rigid equipment mountings, and matched to type and size of anchor bolts and studs used.

3. Bushing Assemblies for Wall-Mounted Equipment Anchorage:  Assemblies of neoprene elements 

and steel sleeves shall be designed for seismically-rated rigid equipment mountings, and matched 

to type and size of attachment devices used.

F. Seismic Snubbers:  Factory fabricated using welded structural-steel shapes and plates, anchor bolts, and 

replaceable resilient isolation washers and bushings.
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1. Anchor bolts for attaching to concrete shall be seismic-rated, drill-in, and stud-wedge or female-

wedge type.

2. Resilient Isolation Washers and Bushings:  1-piece, molded, bridge-bearing neoprene complying 

with AASHTO M 251 and having a durometer of 50, plus or minus 5.

2.4 FABRICATED METAL EQUIPMENT SUPPORT ASSEMBLIES

A. Description:  Welded or bolted, structural-steel shapes, shop or field fabricated to fit dimensions of 

supported equipment.

PART 3 - EXECUTION

3.1 GENERAL REQUIREMENTS

A. Comply with IBC for specific application requirements for hangers and supports for mechanical and 

plumbing equipment and systems, except if requirements in these Contract Documents are stricter.

B. Maximum Support Spacing and Minimum Hanger Rod Size for Raceway or Pipes:  Space supports as 

required by NFPA 70.  Minimum rod size shall be 1/4 inch in diameter.

C. Multiple Raceways or Pipes:  Install trapeze-type supports fabricated with steel slotted support system, 

sized so capacity can be increased by at least 25 percent in future without exceeding specified design load 

limits; and:

1. Secure raceways and pipes to trapeze member with clamps approved for application by an agency 

acceptable to authorities having jurisdiction.

2. Secure raceways and pipes to these supports with two-bolt pipe clamps.

D. Spring-steel clamps designed for supporting single pipes without bolts may be used for 1-1/2-inch and 

smaller raceways, and for fastening raceways to trapeze supports.

E. Install all supports, restraints, attachments, and other elements specified in this Section of this 

Specification in strict conformance with the written installation requirements of the manufacturers of each 

support, restraint, attachment, or other element.

3.2 SUPPORT AND SEISMIC RESTRAINT INSTALLATION

A. Comply with SMACNA and MSS for installation requirements, except as otherwise specified in this 

Article of this Section of this Specification.

B. Install seismic restraint components using methods approved by the evaluation service providing required 

submittals for component.

C. Strength of Support and Seismic Restraint Assemblies:  Where not otherwise indicated, select sizes of 

components so that strength will be adequate to carry present and future static and seismic loads within 

specified loading limits.  Minimum static design load used for strength determination shall be the weight 

of the supported components plus 200 lb.

D. Mounting and Anchorage of Surface-Mounted Equipment and Components:  Anchor and fasten 

mechanical and plumbing items and their supports to building structural elements by the following 

methods, unless otherwise indicated by code:

1. To Wood:  Fasten with lag screws or through bolts.

2. To New Concrete:  Bolt to concrete inserts.
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3. To Masonry:  Use approved toggle-type bolts on hollow masonry units and expansion anchor 

fasteners on solid masonry units.

4. To Existing Concrete:  Fasten with expansion anchors.

5. Instead of expansion anchors, powder-actuated driven threaded studs provided with lock washers 

and nuts may be used in existing standard-weight concrete 4 inches thick or greater.  Do not use 

for anchorage to lightweight-aggregate concrete or for slabs less than 4 inches thick.

6. To Steel:  Use welded threaded studs complying with AWS D1.1/D1.1M, with lock washers and 

nuts or beam clamps (MSS Type 19, 21, 23, 25, or 27) complying with MSS SP-69 or Spring-

tension clamps.

7. To Light Steel:  Use sheet metal screws.

8. Items Mounted on Hollow Walls and Nonstructural Building Surfaces:  Mount such devices on 

slotted-channel racks attached to substrate by means that meet seismic restraint strength and 

anchorage requirements.

E. Drill holes for expansion anchors in reinforced concrete at locations and to depths that avoid reinforcing 

bars.

3.3 INSTALLATION OF FABRICATED METAL SUPPORTS

A. Cut, fit, and place miscellaneous metal supports accurately in location, alignment, and elevation to 

support and anchor electrical materials and equipment.

B. Field Welding:  Comply with AWS D1.1/D1.1M.

3.4 INSTALLATION OF SEISMIC RESTRAINT COMPONENTS

A. Install bushing assemblies for anchor bolts for floor-mounted equipment, arranged to provide resilient 

media between anchor bolt and mounting hole in concrete base.

B. Install bushing assemblies for mounting bolts for wall-mounted equipment, arranged to provide resilient 

media where equipment or equipment-mounting channels are attached to wall.

C. Restraint Cables shall be installed with slack within maximum tolerance recommended by cable 

manufacturer.

D. Attachment to Structure:  If specific attachment is not indicated, anchor bracing to structure at flanges of 

beams, upper truss chords of bar joists, or at concrete members.

3.5 ACCOMMODATION OF DIFFERENTIAL SEISMIC MOTION

A. Make flexible connections in runs of raceways and piping where they cross expansion and seismic control 

joints, where adjacent sections or branches are supported by different structural elements, and where they 

terminate with connection to mechanical and plumbing equipment that is anchored to a different 

structural element from the one supporting them as they approach equipment.

3.6 FIELD QUALITY CONTROL TESTS

A. Testing Agency:  Engage a qualified independent testing and inspecting agency to perform field tests and 

inspections and prepare test reports.

B. Record test results and submit to Engineer.

C. Test pullout resistance of seismic anchorage devices, and:
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1. Provide evidence of recent calibration of test equipment by a testing agency acceptable to 

authorities having jurisdiction.

2. Schedule test with Owner and Engineer present before connecting anchorage devices to 

components to be restrained (unless post-connection testing has been approved by Engineer in 

advance).  Provide at least 7 days advance notice of scheduled test.

3. Obtain Engineer’s concurrence before transferring test loads to structure.  Provide temporary load-

spreading members.

4. Test at least four of each type and size of installed anchorages and fasteners.

5. Test anchorages and fasteners to 90 percent of rated proof load of item.

6. If any item fails test, modify all installations of same type for project, then retest item until 

satisfactory test result is achieved.   

3.7 PAINTING AND FINISHING

A. Damage and Touch-Up:  Repair marred and damaged factory-painted finishes with materials and 

procedures to match original factory finish.

3.8 CUTTING AND PATCHING

A. Cut, channel, chase, and drill floors, walls, partitions, ceilings, and other surfaces necessary for 

mechanical installations.  Perform cutting by skilled mechanics of the trades involved.

B. Repair cut surfaces to match adjacent surfaces.

3.9 GROUTING

A. Install non-metallic, non-shrink grout for mechanical equipment base bearing surfaces, pump and other 

equipment base plates and anchors.  Mix grout according to manufacturer's printed instructions.

B. Clean surfaces that will come into contact with grout.

C. Provide forms for placement of grout, as required.

D. Avoid air entrapment when placing grout.

E. Place grout, completely filling equipment bases.

F. Place grout on concrete bases to provide a smooth bearing surface for equipment.

G. Place grout around anchors.

H. Cure placed grout according to manufacturer's printed instructions.

3.10 ERECTION OF WOOD SUPPORTS AND ANCHORAGE

A. Cut, fit, and place wood grounds, nailers, blocking, and anchorage to support and anchor mechanical 

materials and equipment.

B. Select fastener sizes that will not penetrate members where opposite side will be exposed to view or will 

receive finish materials.  Make tight connections between members.  Install fasteners without spilling 

wood members.

C. Attach to substrates as required to support applied loads.
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END OF SECTION 230549
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SECTION 230553 - MECHANICAL IDENTIFICATION

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and 

Division 1 Specification Sections, apply to this Section.

1.2 SUMMARY

A. This Section includes the following mechanical identification materials and their installation:

1. Equipment nameplates.

B. Related Sections include the following:

1. Section 230000 “Mechanical General Requirements”.

2. Section 230050 “Basic Mechanical Materials and Methods”.

1.3 SUBMITTALS

A. Product Data:  For each type of product indicated.

1.4 QUALITY ASSURANCE

A. ASME Compliance:  Comply with ASME A13.1, "Scheme for the Identification of Piping Systems," for 

letter size, length of color field, colors, and viewing angles of identification devices for piping.

1.5 COORDINATION

A. Coordinate installation of identifying devices with completion of covering and painting of surfaces where 

devices are to be applied.

B. Coordinate installation of identifying devices with location of access panels and doors.

C. Install identifying devices before installing acoustical ceilings and similar concealment.

PART 2 - PRODUCTS

2.1 EQUIPMENT IDENTIFICATION DEVICES

A. Equipment Nameplates:  Metal, with data engraved or stamped, for permanent attachment on equipment.

1. Data:

a. Manufacturer, product name, model number, and serial number.

b. Capacity, operating and power characteristics, and essential data.

c. Labels of tested compliances.

2. Location:  Accessible and visible.

3. Fasteners:  As required to mount on equipment.
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PART 3 - EXECUTION

3.1 APPLICATIONS, GENERAL

A. Products specified are for applications referenced in other Division 23 Sections.  If more than single-type 

material, device, or label is specified for listed applications, selection is Installer's option.

3.2 EQUIPMENT IDENTIFICATION

A. Install and permanently fasten equipment nameplates on each major item of mechanical equipment that 

does not have nameplate or has nameplate that is damaged or located where not easily visible.  Locate 

nameplates where accessible and visible.  Include nameplates for the following general categories of 

equipment:

1. Air conditioners and air cooled condensing units.  

2. Packaged HVAC central-station and zone-type units.

3.3 ADJUSTING

A. Relocate mechanical identification materials and devices that have become visually blocked by other 

work.

3.4 CLEANING

A. Clean faces of mechanical identification devices.

END OF SECTION 230553
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SECTION 230593 - TESTING, ADJUSTING, AND BALANCING

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and 

Division 1 Specification Sections, apply to this Section.

1.2 SUMMARY

A. This Section includes TAB to produce design objectives for the following:

1. Air Systems:

a. Variable-air-volume systems.

2. Existing systems TAB.

3. Verifying that automatic control devices are functioning properly.

4. Reporting results of activities and procedures specified in this Section.

B. Related sections include the following:

1. Section 230000 “Mechanical General Requirements”.

2. Section 230050 “Basic Mechanical Materials and Methods”.

1.3 DEFINITIONS

A. Adjust:  To regulate fluid flow rate and air patterns at the terminal equipment, such as to reduce fan speed 

or adjust a damper.

B. Balance:  To proportion flows within the distribution system, including submains, branches, and 

terminals, according to indicated quantities.

C. Barrier or Boundary:  Construction, either vertical or horizontal, such as walls, floors, and ceilings that 

are designed and constructed to restrict the movement of airflow, smoke, odors, and other pollutants.

D. Draft:  A current of air, when referring to localized effect caused by one or more factors of high air 

velocity, low ambient temperature, or direction of airflow, whereby more heat is withdrawn from a 

person's skin than is normally dissipated.

E. NC:  Noise criteria.

F. Procedure:  An approach to and execution of a sequence of work operations to yield repeatable results.

G. RC:  Room criteria.

H. Report Forms:  Test data sheets for recording test data in logical order.

I. TAB:  Testing, adjusting, and balancing.

J. Terminal:  A point where the controlled medium, such as fluid or energy, enters or leaves the distribution 

system.
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K. Test:  A procedure to determine quantitative performance of systems or equipment.

L. Testing, Adjusting, and Balancing (TAB) Firm:  The entity responsible for performing and reporting 

TAB procedures.

1.4 SUBMITTALS

A. Qualification Data:  Within 30 days from Contractor's Notice to Proceed, submit 4 copies of evidence that 

TAB firm and this Project's TAB team members meet the qualifications specified in "Quality Assurance" 

Article.

B. Contract Documents Examination Report:  Within 45 days from Contractor's Notice to Proceed, submit 4 

copies of the Contract Documents review report as specified in Part 3.

C. Strategies and Procedures Plan:  Within 60 days from Contractor's Notice to Proceed, submit 4 copies of 

TAB strategies and step-by-step procedures as specified in Part 3 "Preparation" Article.  Include a 

complete set of report forms intended for use on this Project.

D. Certified TAB Reports:  Submit two copies of reports prepared, as specified in this Section, on approved 

forms certified by TAB firm.

E. Sample Report Forms:  Submit two sets of sample TAB report forms.

F. Warranties specified in this Section.

1.5 QUALITY ASSURANCE

A. TAB Firm Qualifications:  Engage a TAB firm certified by AABC or NEBB.

B. TAB Conference:  Meet with Owner's and Engineer's representatives on approval of TAB strategies and 

procedures plan to develop a mutual understanding of the details.  Ensure the participation of TAB team 

members, equipment manufacturers' authorized service representatives, HVAC controls installers, and 

other support personnel.  Provide seven days' advance notice of scheduled meeting time and location.

1. Agenda Items:  Include at least the following:

a. Submittal distribution requirements.

b. The Contract Documents examination report.

c. TAB plan.

d. Work schedule and Project-site access requirements.

e. Coordination and cooperation of trades and subcontractors.

f. Coordination of documentation and communication flow.

C. Certification of TAB Reports:  Certify TAB field data reports.  This certification includes the following:

1. Review field data reports to validate accuracy of data and to prepare certified TAB reports.

2. Certify that TAB team complied with approved TAB plan and the procedures specified and 

referenced in this Specification.

D. TAB Report Forms:  Use standard forms from AABC's "National Standards for Testing and Balancing 

Heating, Ventilating, and Air Conditioning Systems.

E. Instrumentation Type, Quantity, and Accuracy:  As described in AABC's "National Standards for Testing 

and Balancing Heating, Ventilating, and Air Conditioning Systems.
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F. Instrumentation Calibration:  Calibrate instruments at least every six months or more frequently if 

required by instrument manufacturer.

1. Keep an updated record of instrument calibration that indicates date of calibration and the name of 

party performing instrument calibration.

1.6 PROJECT CONDITIONS

A. Full Owner Occupancy:  Owner will occupy the site and existing building during entire TAB period.  

Cooperate with Owner during TAB operations to minimize conflicts with Owner's operations.

1.7 COORDINATION

A. Coordinate the efforts of factory-authorized service representatives for systems and equipment, HVAC 

controls installers, and other mechanics to operate HVAC systems and equipment to support and assist 

TAB activities.

B. Notice:  Provide seven days' advance notice for each test.  Include scheduled test dates and times.

C. Perform TAB after leakage and pressure tests on air and water distribution systems have been 

satisfactorily completed.

1.8 WARRANTY

A. National Project Performance Guarantee:  Provide a guarantee on AABC's "National Standards for 

Testing and Balancing Heating, Ventilating, and Air Conditioning Systems" forms stating that AABC 

will assist in completing requirements of the Contract Documents if TAB firm fails to comply with the 

Contract Documents.  Guarantee includes the following provisions:

1. The certified TAB firm has tested and balanced systems according to the Contract Documents.

2. Systems are balanced to optimum performance capabilities within design and installation limits.

PART 2 - PRODUCTS (Not Applicable)

PART 3 - EXECUTION

3.1 EXAMINATION

A. Examine the Contract Documents to become familiar with Project requirements and to discover 

conditions in systems' designs that may preclude proper TAB of systems and equipment.

1. Contract Documents are defined in the General and Supplementary Conditions of Contract.

2. Verify that balancing devices, such as test ports, gage cocks, thermometer wells, flow-control 

devices, balancing valves and fittings, and manual volume dampers, are required by the Contract 

Documents.  Verify that quantities and locations of these balancing devices are accessible and 

appropriate for effective balancing and for efficient system and equipment operation.

B. Examine approved submittal data of HVAC systems and equipment.

C. Examine Project Record Documents described in Division 1 Section "Project Record Documents."
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D. Examine design data, including HVAC system descriptions, statements of design assumptions for 

environmental conditions and systems' output, and statements of philosophies and assumptions about 

HVAC system and equipment controls.

E. Examine equipment performance data including fan and pump curves.  Relate performance data to 

Project conditions and requirements, including system effects that can create undesired or unpredicted 

conditions that cause reduced capacities in all or part of a system.  Calculate system effect factors to 

reduce performance ratings of HVAC equipment when installed under conditions different from those 

presented when the equipment was performance tested at the factory.  To calculate system effects for air 

systems, use tables and charts found in AMCA 201, "Fans and Systems," Sections 7 through 10; or in 

SMACNA's "HVAC Systems--Duct Design," Sections 5 and 6.  Compare this data with the design data 

and installed conditions.

F. Examine system and equipment installations to verify that they are complete and that testing, cleaning, 

adjusting, and commissioning specified in individual Sections have been performed.

G. Examine system and equipment test reports.

H. Examine HVAC system and equipment installations to verify that indicated balancing devices, such as 

test ports, gage cocks, thermometer wells, flow-control devices, balancing valves and fittings, and manual 

volume dampers, are properly installed, and that their locations are accessible and appropriate for 

effective balancing and for efficient system and equipment operation.

I. Examine systems for functional deficiencies that cannot be corrected by adjusting and balancing.

J. Examine HVAC equipment to ensure that clean filters have been installed, bearings are greased, belts are 

aligned and tight, and equipment with functioning controls is ready for operation.

K. Examine terminal units, such as variable-air-volume boxes, to verify that they are accessible and their 

controls are connected and functioning.

L. Examine plenum ceilings used for supply air to verify that they are airtight.  Verify that pipe penetrations 

and other holes are sealed.

M. Examine heat-transfer coils for correct piping connections and for clean and straight fins.

N. Examine equipment for installation and for properly operating safety interlocks and controls.

O. Examine automatic temperature system components to verify the following:

1. Dampers, valves, and other controlled devices are operated by the intended controller.

2. Dampers and valves are in the position indicated by the controller.

3. Integrity of valves and dampers for free and full operation and for tightness of fully closed and 

fully open positions.  This includes dampers in multizone units, mixing boxes, and variable-air-

volume terminals.

4. Automatic modulating and shutoff valves, including two-way valves and three-way mixing and 

diverting valves, are properly connected.

5. Thermostats and humidistats are located to avoid adverse effects of sunlight, drafts, and cold 

walls.

6. Sensors are located to sense only the intended conditions.

7. Sequence of operation for control modes is according to the Contract Documents.

8. Controller set points are set at indicated values.

9. Interlocked systems are operating.

10. Changeover from heating to cooling mode occurs according to indicated values.
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P. Report deficiencies discovered before and during performance of TAB procedures.  Observe and record 

system reactions to changes in conditions.  Record default set points if different from indicated values.

3.2 PREPARATION

A. Prepare a TAB plan that includes strategies and step-by-step procedures.

B. Complete system readiness checks and prepare system readiness reports.  Verify the following:

1. Permanent electrical power wiring is complete.

2. Hydronic systems are filled, clean, and free of air.

3. Automatic temperature-control systems are operational.

4. Equipment and duct access doors are securely closed.

5. Balance, smoke, and fire dampers are open.

6. Isolating and balancing valves are open and control valves are operational.

7. Ceilings are installed in critical areas where air-pattern adjustments are required and access to 

balancing devices is provided.

8. Windows and doors can be closed so indicated conditions for system operations can be met.

3.3 GENERAL PROCEDURES FOR TESTING AND BALANCING

A. Perform testing and balancing procedures on each system according to the procedures contained in 

AABC's "National Standards for Testing and Balancing Heating, Ventilating, and Air Conditioning 

Systems or SMACNA's "HVAC Systems - Testing, Adjusting, and Balancing" and this Section.

B. Cut insulation, ducts, pipes, and equipment cabinets for installation of test probes to the minimum extent 

necessary to allow adequate performance of procedures.  After testing and balancing, close probe holes 

and patch insulation with new materials identical to those removed.  Restore vapor barrier and finish 

according to insulation Specifications for this Project.

C. Mark equipment and balancing device settings with paint or other suitable, permanent identification 

material, including damper-control positions, valve position indicators, fan-speed-control levers, and 

similar controls and devices, to show final settings.

D. Take and report testing and balancing measurements in inch-pound (IP) units.

3.4 GENERAL PROCEDURES FOR BALANCING AIR SYSTEMS

A. Prepare test reports for both fans and outlets.  Obtain manufacturer's outlet factors and recommended 

testing procedures.  Crosscheck the summation of required outlet volumes with required fan volumes.

B. Prepare schematic diagrams of systems' "as-built" duct layouts.

C. For variable-air-volume systems, develop a plan to simulate diversity.

D. Determine the best locations in main and branch ducts for accurate duct airflow measurements.

E. Check airflow patterns from the outside-air louvers and dampers and the return- and exhaust-air dampers, 

through the supply-fan discharge and mixing dampers.

F. Locate start-stop and disconnect switches, electrical interlocks, and motor starters.

G. Verify that motor starters are equipped with properly sized thermal protection.

H. Check dampers for proper position to achieve desired airflow path.
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I. Check for airflow blockages.

J. Check condensate drains for proper connections and functioning.

K. Check for proper sealing of air-handling unit components.

L. Check for proper sealing of air duct system.

3.5 PROCEDURES FOR VARIABLE-AIR-VOLUME SYSTEMS

A. Compensating for Diversity:  When the total airflow of all terminal units is more than the indicated 

airflow of the fan, place a selected number of terminal units at a maximum set-point airflow condition 

until the total airflow of the terminal units equals the indicated airflow of the fan.  Select the reduced 

airflow terminal units so they are distributed evenly among the branch ducts.

B. Pressure-Independent, Variable-Air-Volume Systems:  After the fan systems have been adjusted, adjust 

the variable-air-volume systems as follows:

1. Set outside-air dampers at minimum, and return- and exhaust-air dampers at a position that 

simulates full-cooling load.

2. Select the terminal unit that is most critical to the supply-fan airflow and static pressure.  Measure 

static pressure.  Adjust system static pressure so the entering static pressure for the critical 

terminal unit is not less than the sum of terminal-unit manufacturer's recommended minimum inlet 

static pressure plus the static pressure needed to overcome terminal-unit discharge system losses.

3. Measure total system airflow.  Adjust to within indicated airflow.

4. Set terminal units at maximum airflow and adjust controller or regulator to deliver the designed 

maximum airflow.  Use terminal-unit manufacturer's written instructions to make this adjustment.  

When total airflow is correct, balance the air outlets downstream from terminal units as described 

for constant-volume air systems.

5. Set terminal units at minimum airflow and adjust controller or regulator to deliver the designed 

minimum airflow.  Check air outlets for a proportional reduction in airflow as described for 

constant-volume air systems.

a. If air outlets are out of balance at minimum airflow, report the condition but leave outlets 

balanced for maximum airflow.

6. Remeasure the return airflow to the fan while operating at maximum return airflow and minimum 

outside airflow.  Adjust the fan and balance the return-air ducts and inlets as described for 

constant-volume air systems.

7. Measure static pressure at the most critical terminal unit and adjust the static-pressure controller at 

the main supply-air sensing station to ensure that adequate static pressure is maintained at the most 

critical unit.

8. Record the final fan performance data.

3.6 PROCEDURES FOR MOTORS

A. Motors, 1/2 HP and Larger:  Test at final balanced conditions and record the following data:

1. Manufacturer, model, and serial numbers.

2. Motor horsepower rating.

3. Motor rpm.

4. Efficiency rating.

5. Nameplate and measured voltage, each phase.

6. Nameplate and measured amperage, each phase.

7. Starter thermal-protection-element rating.
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B. Motors Driven by Variable-Frequency Controllers:  Test for proper operation at speeds varying from 

minimum to maximum.  Test the manual bypass for the controller to prove proper operation.  Record 

observations, including controller manufacturer, model and serial numbers, and nameplate data.

3.7 PROCEDURES FOR CONDENSING UNITS

A. Verify proper rotation of fans.

B. Measure entering- and leaving-air temperatures.

C. Record compressor data.

3.8 PROCEDURES FOR HEAT-TRANSFER COILS

A. Refrigerant Coils:  Measure the following data for each coil:

1. Dry-bulb temperature of entering and leaving air.

2. Wet-bulb temperature of entering and leaving air.

3. Airflow.

4. Air pressure drop.

5. Refrigerant suction pressure and temperature.

3.9 PROCEDURES FOR TEMPERATURE MEASUREMENTS

A. During TAB, report the need for adjustment in temperature regulation within the automatic temperature-

control system.

B. Measure indoor wet- and dry-bulb temperatures every other hour for a period of two successive eight-

hour days, in each separately controlled zone, to prove correctness of final temperature settings.  Measure 

when the building or zone is occupied.

C. Measure outside-air, wet- and dry-bulb temperatures.

3.10 PROCEDURES FOR TESTING, ADJUSTING, AND BALANCING EXISTING SYSTEMS

A. Perform a preconstruction inspection of existing equipment that is to remain and be reused.

1. Measure and record the operating speed, airflow, and static pressure of each fan.

2. Measure motor voltage and amperage.  Compare the values to motor nameplate information.

3. Check the refrigerant charge.

4. Check the condition of filters.

5. Check the condition of coils.

6. Check the operation of the drain pan and condensate drain trap.

7. Check bearings and other lubricated parts for proper lubrication.

8. Report on the operating condition of the equipment and the results of the measurements taken.  

Report deficiencies.

B. Before performing testing and balancing of existing systems, inspect existing equipment that is to remain 

and be reused to verify that existing equipment has been cleaned and refurbished.

1. New filters are installed.

2. Coils are clean and fins combed.

3. Drain pans are clean.

4. Fans are clean.

5. Bearings and other parts are properly lubricated.
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6. Deficiencies noted in the preconstruction report are corrected.

C. Perform testing and balancing of existing systems to the extent that existing systems are affected by the 

renovation work.

1. Compare the indicated airflow of the renovated work to the measured fan airflows and determine 

the new fan, speed, filter, and coil face velocity.

2. Verify that the indicated airflows of the renovated work result in filter and coil face velocities and 

fan speeds that are within the acceptable limits defined by equipment manufacturer.

3. If calculations increase or decrease the airflow and water flow rates by more than 5 percent, make 

equipment adjustments to achieve the calculated airflow and water flow rates.  If 5 percent or less, 

equipment adjustments are not required.

4. Air balance each air outlet.

3.11 TEMPERATURE-CONTROL VERIFICATION

A. Verify that controllers are calibrated and commissioned.

B. Check transmitter and controller locations and note conditions that would adversely affect control 

functions.

C. Record controller settings and note variances between set points and actual measurements.

D. Check the operation of limiting controllers (i.e., high- and low-temperature controllers).

E. Check free travel and proper operation of control devices such as damper and valve operators.

F. Check the sequence of operation of control devices.  Note air pressures and device positions and correlate 

with airflow and water flow measurements.  Note the speed of response to input changes.

G. Check the interaction of electrically operated switch transducers.

H. Check the interaction of interlock and lockout systems.

I. Check main control supply-air pressure and observe compressor and dryer operations.

J. Record voltages of power supply and controller output.  Determine whether the system operates on a 

grounded or nongrounded power supply.

K. Note operation of electric actuators using spring return for proper fail-safe operations.

3.12 TOLERANCES

A. Set HVAC system airflow and water flow rates within the following tolerances:

1. Supply, Return, and Exhaust Fans and Equipment with Fans:  Plus 5 to plus 10 percent.

2. Air Outlets and Inlets:  0 to minus 10 percent.

3. Heating-Water Flow Rate:  0 to minus 10 percent.

4. Cooling-Water Flow Rate:  0 to minus 5 percent.

3.13 REPORTING

A. Initial Construction-Phase Report:  Based on examination of the Contract Documents as specified in 

"Examination" Article, prepare a report on the adequacy of design for systems' balancing devices.  
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Recommend changes and additions to systems' balancing devices to facilitate proper performance 

measuring and balancing.  Recommend changes and additions to HVAC systems and general 

construction to allow access for performance measuring and balancing devices.

B. Status Reports:  As Work progresses, prepare reports to describe completed procedures, procedures in 

progress, and scheduled procedures.  Include a list of deficiencies and problems found in systems being 

tested and balanced.  Prepare a separate report for each system and each building floor for systems 

serving multiple floors.

3.14 FINAL REPORT

A. General:  Typewritten, or computer printout in letter-quality font, on standard bond paper, in three-ring 

binder, tabulated and divided into sections by tested and balanced systems.

B. Include a certification sheet in front of binder signed and sealed by the certified testing and balancing 

engineer.

1. Include a list of instruments used for procedures, along with proof of calibration.

C. Final Report Contents:  In addition to certified field report data, include the following:

1. Fan curves.

2. Manufacturers' test data.

3. Field test reports prepared by system and equipment installers.

4. Other information relative to equipment performance, but do not include Shop Drawings and 

Product Data.

D. General Report Data:  In addition to form titles and entries, include the following data in the final report, 

as applicable:

1. Title page.

2. Name and address of TAB firm.

3. Project name.

4. Project location.

5. Engineer's name and address.

6. Contractor's name and address.

7. Report date.

8. Signature of TAB firm who certifies the report.

9. Table of Contents with the total number of pages defined for each section of the report.  Number 

each page in the report.

10. Summary of contents including the following:

a. Indicated versus final performance.

b. Notable characteristics of systems.

c. Description of system operation sequence if it varies from the Contract Documents.

11. Nomenclature sheets for each item of equipment.

12. Data for terminal units, including manufacturer, type size, and fittings.

13. Notes to explain why certain final data in the body of reports varies from indicated values.

14. Test conditions for fans and pump performance forms including the following:

a. Settings for outside-, return-, and exhaust-air dampers.

b. Conditions of filters.

c. Cooling coil, wet- and dry-bulb conditions.

d. Face and bypass damper settings at coils.
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e. Fan drive settings including settings and percentage of maximum pitch diameter.

f. Inlet vane settings for variable-air-volume systems.

g. Settings for supply-air, static-pressure controller.

h. Other system operating conditions that affect performance.

E. System Diagrams:  Include schematic layouts of air and hydronic distribution systems.  Present each 

system with single-line diagram and include the following:

1. Quantities of outside, supply, return, and exhaust airflows.

2. Water and steam flow rates.

3. Duct, outlet, and inlet sizes.

4. Pipe and valve sizes and locations.

5. Terminal units.

6. Balancing stations.

7. Position of balancing devices.

F. Air-Handling Unit Test Reports:  For air-handling units with coils, include the following:

1. Unit Data:  Include the following:

a. Unit identification.

b. Location.

c. Make and type.

d. Model number and unit size.

e. Manufacturer's serial number.

f. Unit arrangement and class.

g. Discharge arrangement.

h. Sheave make, size in inches, and bore.

i. Sheave dimensions, center-to-center, and amount of adjustments in inches.

j. Number of belts, make, and size.

k. Number of filters, type, and size.

2. Motor Data:

a. Make and frame type and size.

b. Horsepower and rpm.

c. Volts, phase, and hertz.

d. Full-load amperage and service factor.

e. Sheave make, size in inches, and bore.

f. Sheave dimensions, center-to-center, and amount of adjustments in inches.

3. Test Data (Indicated and Actual Values):

a. Total airflow rate in cfm.

b. Total system static pressure in inches wg.

c. Fan rpm.

d. Discharge static pressure in inches wg.

e. Filter static-pressure differential in inches wg.

f. Preheat coil static-pressure differential in inches wg.

g. Cooling coil static-pressure differential in inches wg.

h. Heating coil static-pressure differential in inches wg.

i. Outside airflow in cfm.

j. Return airflow in cfm.

k. Outside-air damper position.

l. Return-air damper position.
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m. Vortex damper position.

G. Apparatus-Coil Test Reports:

1. Coil Data:

a. System identification.

b. Location.

c. Coil type.

d. Number of rows.

e. Fin spacing in fins per inch o.c.

f. Make and model number.

g. Face area in sq. ft..

h. Tube size in NPS.

i. Tube and fin materials.

j. Circuiting arrangement.

2. Test Data (Indicated and Actual Values):

a. Airflow rate in cfm.

b. Average face velocity in fpm.

c. Air pressure drop in inches wg.

d. Outside-air, wet- and dry-bulb temperatures in deg F.

e. Return-air, wet- and dry-bulb temperatures in deg F.

f. Entering-air, wet- and dry-bulb temperatures in deg F.

g. Leaving-air, wet- and dry-bulb temperatures in deg F.

h. Refrigerant expansion valve and refrigerant types.

i. Refrigerant suction pressure in psig.

j. Refrigerant suction temperature in deg F.

H. Gas- and Oil-Fired Heat Apparatus Test Reports:  In addition to manufacturer's factory startup equipment 

reports, include the following:

1. Unit Data:

a. System identification.

b. Location.

c. Make and type.

d. Model number and unit size.

e. Manufacturer's serial number.

f. Fuel type in input data.

g. Output capacity in Btuh.

h. Ignition type.

i. Burner-control types.

j. Motor horsepower and rpm.

k. Motor volts, phase, and hertz.

l. Motor full-load amperage and service factor.

m. Sheave make, size in inches, and bore.

n. Sheave dimensions, center-to-center, and amount of adjustments in inches.

2. Test Data (Indicated and Actual Values):

a. Total airflow rate in cfm.

b. Entering-air temperature in deg F.

c. Leaving-air temperature in deg F.



230593 - TESTING, ADJUSTING, AND BALANCING 230593 - 12

d. Air temperature differential in deg F.

e. Entering-air static pressure in inches wg.

f. Leaving-air static pressure in inches wg.

g. Air static-pressure differential in inches wg.

h. Low-fire fuel input in Btuh.

i. High-fire fuel input in Btuh.

j. Manifold pressure in psig.

k. High-temperature-limit setting in deg F.

l. Operating set point in Btuh.

m. Motor voltage at each connection.

n. Motor amperage for each phase.

o. Heating value of fuel in Btuh.

I. Fan Test Reports:  For supply, return, and exhaust fans, include the following:

1. Fan Data:

a. System identification.

b. Location.

c. Make and type.

d. Model number and size.

e. Manufacturer's serial number.

f. Arrangement and class.

g. Sheave make, size in inches, and bore.

h. Sheave dimensions, center-to-center, and amount of adjustments in inches.

2. Motor Data:

a. Make and frame type and size.

b. Horsepower and rpm.

c. Volts, phase, and hertz.

d. Full-load amperage and service factor.

e. Sheave make, size in inches, and bore.

f. Sheave dimensions, center-to-center, and amount of adjustments in inches.

g. Number of belts, make, and size.

3. Test Data (Indicated and Actual Values):

a. Total airflow rate in cfm.

b. Total system static pressure in inches wg.

c. Fan rpm.

d. Discharge static pressure in inches wg.

e. Suction static pressure in inches wg.

J. Round, Flat-Oval, and Rectangular Duct Traverse Reports:  Include a diagram with a grid representing 

the duct cross-section and record the following:

1. Report Data:

a. System and air-handling unit number.

b. Location and zone.

c. Traverse air temperature in deg F.

d. Duct static pressure in inches wg.

e. Duct size in inches.

f. Duct area in sq. ft..
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g. Indicated airflow rate in cfm.

h. Indicated velocity in fpm.

i. Actual airflow rate in cfm.

j. Actual average velocity in fpm.

k. Barometric pressure in psig.

K. Air-Terminal-Device Reports:

1. Unit Data:

a. System and air-handling unit identification.

b. Location and zone.

c. Test apparatus used.

d. Area served.

e. Air-terminal-device make.

f. Air-terminal-device number from system diagram.

g. Air-terminal-device type and model number.

h. Air-terminal-device size.

i. Air-terminal-device effective area in sq. ft..

2. Test Data (Indicated and Actual Values):

a. Airflow rate in cfm.

b. Air velocity in fpm.

c. Preliminary airflow rate as needed in cfm.

d. Preliminary velocity as needed in fpm.

e. Final airflow rate in cfm.

f. Final velocity in fpm.

g. Space temperature in deg F.

L. System-Coil Reports:  For reheat coils and water coils of terminal units, include the following:

1. Unit Data:

a. System and air-handling unit identification.

b. Location and zone.

c. Room or riser served.

d. Coil make and size.

e. Flowmeter type.

2. Test Data (Indicated and Actual Values):

a. Airflow rate in cfm.

b. Entering-water temperature in deg F.

c. Leaving-water temperature in deg F.

d. Water pressure drop in feet of head or psig.

e. Entering-air temperature in deg F.

f. Leaving-air temperature in deg F.

g. Water pressure differential in feet of head or psig.

M. Compressor and Condenser Reports:  For refrigerant side of unitary systems, stand-alone refrigerant 

compressors, air-cooled condensing units, or water-cooled condensing units, include the following:

1. Unit Data:
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a. Unit identification.

b. Location.

c. Unit make and model number.

d. Compressor make.

e. Compressor model and serial numbers.

f. Refrigerant weight in lb.

g. Low ambient temperature cutoff in deg F.

2. Test Data (Indicated and Actual Values):

a. Entering-air, dry-bulb temperature in deg F.

b. Leaving-air, dry-bulb temperature in deg F.

c. Control settings.

d. Unloader set points.

e. Low-pressure-cutout set point in psig.

f. High-pressure-cutout set point in psig.

g. Suction pressure in psig.

h. Suction temperature in deg F.

i. Condenser refrigerant pressure in psig.

j. Condenser refrigerant temperature in deg F.

k. Oil pressure in psig.

l. Oil temperature in deg F.

m. Voltage at each connection.

n. Amperage for each phase.

o. Kilowatt input.

p. Crankcase heater kilowatt.

q. Number of fans.

r. Condenser fan rpm.

s. Condenser fan airflow rate in cfm.

t. Condenser fan motor make, frame size, rpm, and horsepower.

u. Condenser fan motor voltage at each connection.

v. Condenser fan motor amperage for each phase.

3.15 INSPECTIONS

A. Initial Inspection:

1. After testing and balancing are complete, operate each system and randomly check measurements 

to verify that the system is operating according to the final test and balance readings documented 

in the Final Report.

2. Randomly check the following for each system:

a. Measure airflow of at least 10 percent of air outlets.

b. Measure water flow of at least 5 percent of terminals.

c. Measure room temperature at each thermostat/temperature sensor.  Compare the reading to 

the set point.

d. Measure sound levels at two locations.

e. Measure space pressure of at least 10 percent of locations.

f. Verify that balancing devices are marked with final balance position.

g. Note deviations to the Contract Documents in the Final Report.

B. Final Inspection:

1. After initial inspection is complete and evidence by random checks verifies that testing and 

balancing are complete and accurately documented in the final report, request that a final 

inspection be made by Owner.
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2. TAB firm test and balance engineer shall conduct the inspection in the presence of Owner.

3. Owner shall randomly select measurements documented in the final report to be rechecked.  The 

rechecking shall be limited to either 10 percent of the total measurements recorded, or the extent 

of measurements that can be accomplished in a normal 8-hour business day.

4. If the rechecks yield measurements that differ from the measurements documented in the final 

report by more than the tolerances allowed, the measurements shall be noted as "FAILED."

5. If the number of "FAILED" measurements is greater than 10 percent of the total measurements 

checked during the final inspection, the testing and balancing shall be considered incomplete and 

shall be rejected.

6. TAB firm shall recheck all measurements and make adjustments.  Revise the final report and 

balancing device settings to include all changes and resubmit the final report.

7. Request a second final inspection.  If the second final inspection also fails, Owner shall contract 

the services of another TAB firm to complete the testing and balancing in accordance with the 

Contract Documents and deduct the cost of the services from the final payment.

3.16 ADDITIONAL TESTS

A. Within 90 days of completing TAB, perform additional testing and balancing to verify that balanced 

conditions are being maintained throughout and to correct unusual conditions.

B. Seasonal Periods:  If initial TAB procedures were not performed during near-peak summer and winter 

conditions, perform additional testing, inspecting, and adjusting during near-peak summer and winter 

conditions.

END OF SECTION 230593
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SECTION 230990 - HVAC INSTRUMENTATION AND CONTROLS

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and 

Division 1 Specification Sections, apply to this Section.

1.2 SUMMARY

A. This Section includes control equipment for HVAC systems and components, including control 

components for terminal heating and cooling units not supplied with factory-wired controls.

B. Related Sections include the following:

1. Section 260519 “Low-Voltage Electrical Power Conductors and Cables”.

2. Section 230050 “Basic Mechanical Materials and Methods”.

1.3 DEFINITIONS

A. DDC:  Direct-digital controls.

B. LAN:  Local area network.

C. MS/TP:  Master-slave/token-passing.

D. PICS:  Protocol Implementation Conformance Statement. 

1.4 SYSTEM DESCRIPTION

A. General:  

1. The control system shall consist of a high-speed, peer-to-peer network of DDC controllers, a 

control system server, and a web-based operator interface.

2. This facility’s existing direct-digital control system is manufactured by KMC, and its head end is 

located at the building. The existing system communicates via the twisted/shielded pair from the 

field equipment controllers. The contractor shall remove and replace all components of the 

existing controls system.  The contractor administered by this Section of the technical 

specifications shall examine all portions of the existing system and replace all components, 

hardware, and wiring as necessary to provide a control system as specified in this section

3. Provide a new BACnet ECC, communications network, and controllers.  Real-time 

communication shall provide all object properties and read/write services.  The contractor 

administered by this Section of the technical specifications shall provide all necessary 

investigation and site-specific programming to execute the interoperability schedules.

4. The system shall operate and function as one complete system including one database of control 

point objects and global control logic capabilities. Facility operators shall have complete 

operations and control capability over the system, including; monitoring, trending, graphing, 

scheduling, alarm management, global point sharing, global strategy deployment, graphical 

operations interface and custom reporting as specified.
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5. System software shall be based on a server/thin client architecture, designed around the open 

standards of web technology.  The control system server shall be accessible using a web browser 

over the control system network, the Owner’s local area network, and (at the owner’s discretion) 

over the internet.  The Owner’s local area network is available in the building. The intent of the 

thin-client architecture is to provide operators complete access to the control system via a Web 

browser.  No special software other than a web browser shall be required to access graphics, point 

displays, and trends, configure trends, configure points and controllers, or to download 

programming into the controllers. No web browser plug-ins shall be required to access any portion 

of the system. No JAVA allowed. 

6. System shall use the BACnet protocol for communication to the operator workstation or web 

server and for communication between control modules.  I/O points, schedules, setpoints, trends 

and alarms specified in  the Sequence of Operations on sheet M401 of the Construction 

Documents shall be BACnet objects. 

7. Install new wiring and network devices as required to provide a complete and workable control 

network.  The Controls Contractor shall be responsible for bringing all power required by the 

control systems from the source  (lighting panel, distribution panel, etc.) to the point of use.

8. Communication. Web server or workstation and controllers shall communicate using BACnet 

protocol. Web server or workstation and control network backbone shall communicate using ISO 

8802-3 (Ethernet) Data Link/Physical layer protocol and BACnet/IP addressing as specified in 

ANSI/ASHRAE 135, BACnet Annex J.

9. System Graphics. The operator interface software shall be graphically based and shall include at 

least one graphic per piece of equipment or occupied zone, graphics for each chilled water and hot 

water system, and graphics that summarize conditions on each floor of each building included in 

this contract. Indicate thermal comfort on floor plan summary graphics using dynamic colors to 

represent zone temperature relative to zone setpoint.

10. The control systems shall be designed such that each mechanical system shall operate under stand-

alone mode. The contractor administered by this Section of the technical specifications shall 

provide controllers for each mechanical system. In the event of a network communication failure, 

or the loss of any other controller, the control system shall continue to operate independently. 

Failure of the ECC shall have no effect on the field controllers, including those involved with 

global strategies.

1.5 SEQUENCE OF OPERATION – See sheet M-401 of the construction documents for sequences. 

1.6 SUBMITTALS

A. General:  In addition to the submittal information listed below, a submittal including a complete list of 

devices and the number of network ports required for this work to be submitted, reviewed, and approved 

by the State of Missouri Information Technology Service Division (ITSD) prior to constructing this work.  

B. Product Data:  Include manufacturer's technical literature for each control device.  Indicate dimensions, 

capacities, performance characteristics, electrical characteristics, finishes for materials, and installation 

and startup instructions for each type of product indicated.

1. Each control device labeled with setting or adjustable range of control.

C. Shop Drawings:  Detail equipment assemblies and indicate dimensions, weights, loads, required 

clearances, method of field assembly, components, and location and size of each field connection.

1. Schematic flow diagrams showing fans, pumps, coils, dampers, valves, and control devices.
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2. Wiring Diagrams:  Power, signal, and control wiring.  Differentiate between manufacturer-

installed and field-installed wiring.

3. Details of control panel faces, including controls, instruments, and labeling.

4. Written description of sequence of operation.

5. Schedule of dampers including size, leakage, and flow characteristics.

6. Schedule of valves including leakage and flow characteristics.

7. Trunk cable schematic showing programmable control unit locations and trunk data conductors.

8. Listing of connected data points, including connected control unit and input device.

9. System graphics indicating monitored systems, data (connected and calculated) point addresses, 

and operator notations.

10. Graphical user interface.

11. System configuration showing peripheral devices, batteries, power supplies, diagrams, modems, 

and interconnections.

D. ASHRAE BACnet Statement:  PICS for each DDC system component (panel, zone controller, field 

devices, and operator workstation) proposed.

E. Software and Firmware Operational Documentation:  Include the following:

1. Software operating and upgrade manuals.

2. Program Software Backup:  On a magnetic media or compact disc, complete with data files.

3. Device address list.

4. Printout of software application and graphic screens.

5. Software license required by and installed for DDC workstations and control systems.

F. Software Upgrade Kit:  For Owner to use in modifying software to suit future power system revisions or 

monitoring and control revisions.

G. Field Test Reports:  Indicate and interpret test results for compliance with performance requirements.

H. Maintenance Data:  For systems to include in maintenance manuals specified in Division 1.  Include the 

following:

1. Interconnection wiring diagrams with identified and numbered system components and devices.

2. Keyboard illustrations and step-by-step procedures indexed for each operator function.

3. Inspection period, cleaning methods, cleaning materials recommended, and calibration tolerances.

4. Calibration records and list of set points.

I. Qualification Data:  For firms and persons specified in "Quality Assurance" Article.

J. Project Record Documents:  Record actual locations of control components, including control units, 

thermostats, and sensors.  Revise Shop Drawings to reflect actual installation and operating sequences.

1.7 QUALITY ASSURANCE

A. Installer Qualifications:  An experienced installer who is a certified installer of the automatic control 

system manufacturer for both installation and maintenance of units required for this Project.

B. Manufacturer Qualifications:  A firm experienced in manufacturing automatic temperature-control 

systems similar to those indicated for this Project and with a record of successful in-service performance.

C. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, Article 

100, by a testing agency acceptable to authorities having jurisdiction, and marked for intended use.

D. Comply with NFPA 90A, "Installation of Air Conditioning and Ventilation Systems."
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E. Comply with ASHRAE 135 for DDC system control components.

F. Factory-Mounted Components:  Where control devices specified in this Section are indicated to be 

factory mounted on equipment, arrange for shipping of control devices to unit manufacturer.

1.8 COORDINATION

A. Coordinate location of thermostats, humidistats, and other exposed control sensors with plans and room 

details before installation.

B. Coordinate supply of conditioned electrical circuits for control units and operator workstation.

PART 2 - PRODUCTS

2.1 MANUFACTURERS

A. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:

1. Electric, Electronic, and DDC Systems:

a. Automated Logic Corporation.

b. Alerton DDC Controls.

c. Johnson Controls, Inc.; Metasys.

d. Schnieder Electric EcoStruxure Building Operation.

2.2 DDC SYSTEM DESCRIPTION

A. Microprocessor-based monitoring and control including analog/digital conversion and program logic. A 

control loop or subsystem in which digital and analog information is received and processed by a 

microprocessor, and digital control signals are generated based on control algorithms and transmitted to 

field devices to achieve a set of predefined conditions.

1. DDC system shall consist of a high-speed, peer-to-peer network of distributed DDC 

controllers, other network devices, operator interfaces, and software.

B. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by a 

qualified testing agency, and marked for intended location and application.

2.3 WEB ACCESS

A. DDC system shall be Web compatible.

1. Web-Based Access to DDC System:

a. DDC system software shall be based on server thin-client architecture, designed around 

open standards of Web technology. DDC system server shall be accessed using a Web 

browser over DDC system network, using Owner's LAN.

b. Intent of thin-client architecture is to provide operators complete access to DDC system via 

a Web browser. No special software other than a Web browser shall be required to access 

graphics, point displays, and trends; to configure trends, points, and controllers; and to edit 

programming.  No browser plug-ins shall be required.

c. Web access shall be password protected.

2. Web-Compatible Access to DDC System:
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a. Operator workstations shall perform overall system supervision and configuration, 

graphical user interface, management report generation, and alarm annunciation.

b. DDC system shall support Web browser access to building data. Operator using a standard 

Web browser shall be able to access control graphics and change adjustable set points.

c. Web access shall be password protected.

2.4 PERFORMANCE REQUIREMENTS

A. Delegated Design: Engage a qualified professional to design DDC system to satisfy requirements 

indicated.

1. System Performance Objectives:

a. DDC system shall manage HVAC systems.

b. DDC system control shall operate HVAC systems to achieve optimum operating costs 

while using least possible energy and maintaining specified performance.

c. DDC system shall respond to power failures, HVAC equipment failures, and adverse and 

emergency conditions encountered through connected I/O points.

d. DDC system shall operate while unattended by an operator and through operator 

interaction.

e. DDC system shall record trends and transaction of events and produce report information 

such as performance, energy, occupancies, and equipment operation.

B. Future Expandability:

1. DDC system size shall be expandable to an ultimate capacity of at least 120 percent of the total 

I/O points indicated.

2. Additional DDC controllers, I/O and associated wiring shall be all that is needed to achieve 

ultimate capacity. Initial network infrastructure shall be designed and installed to support ultimate 

capacity.

3. Operator interfaces installed initially shall not require hardware and software additions and 

revisions for ultimate capacity.

2.5 DDC EQUIPMENT

A. Application Software:  Include the following:

1. Input/output capability from operator station.

2. Operator system access levels via software password.

3. Database creation and support.

4. Dynamic color graphic displays.

5. Alarm processing.

6. Event processing.

7. Automatic restart of field equipment on restoration of power.

8. Data collection.

9. Graphic development on workstation.

10. Maintenance management.

B. Remote Workstations:

1. Connect to DDC system Level one LAN through a communications port directly on LAN or 

through a communications port on a DDC controller.

2. Able to communicate with any device located on any DDC system LAN.

3. Able to communicate, with modems, remotely with any device connected to any DDC system 

LAN.
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4. Performance Requirements: Energy Star compliant and hardware & software shall support local 

down-loading to DDC controllers.

5. Software:  Operating system shall be Windows compatible software.

C. Server

1. Contractor shall provide specification for dedicated network server to be used for these controls.  

Specification shall be provided to State of Missouri ITSD to furnish server. 

D. Control Units:  Modular, comprising processor board with programmable, nonvolatile, random-access 

memory; local operator access and display panel; integral interface equipment; and backup power source.

1. Units monitor or control each input/output point; process information; execute commands from 

other control units, devices, and operator stations; and download from or upload to operator 

station.

2. Stand-alone mode control functions operate regardless of network status.  Functions include the 

following:

a. Global communications.

b. Discrete/digital, analog, and pulse input/output.

c. Monitoring, controlling, or addressing data points.

d. Testing and developing control algorithms without disrupting field hardware and controlled 

environment.

3. Local operator interface provides for download from or upload to mobile operator station.

4. Each controller shall have a communication port for temporary connection to a laptop computer or 

other operator interface. Connection shall support memory downloads and other commissioning 

and troubleshooting operations.

5. BACnet Conformance:  Reside on BACnet LAN in Ethernet IEEE 802.3, Class 3, minimum, with 

routers between LAN and other panels, with at least one communication port, and have minimum 

capabilities defined in PICS for the following areas:

a. Network.

b. Functional groups.

c. Standard application services supported.

d. Standard objects supported.

E. Local Control Units:  Modular, comprising processor board with electronically programmable, 

nonvolatile, read-only memory; and backup power source.

1. Units monitor or control each input/output point; process information; and download from or 

upload to operator station.

2. Stand-alone mode control functions operate regardless of network status.  Functions include the 

following:

a. Global communications.

b. Discrete/digital, analog, and pulse input/output.

c. Monitoring, controlling, or addressing data points.

3. Local operator interface provides for download from or upload to mobile operator station.

4. BACnet Conformance:  Reside on BACnet LAN using MS/TP, Class 2, minimum, with at least 

one communication port, and have minimum capabilities defined in PICS for the following areas:
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a. Network.

b. Functional groups.

c. Standard application services supported.

d. Standard objects supported.

F. Fan Terminal Unit Controls - Electrical components shall be mounted in control box with removable 

cover.  Incorporate single-point electrical connection to power source.

1. Control Transformer:  Mounted for control voltage on electric and electronic control units with 

terminal strip in control box for field wiring of thermostat and power source.

2. Wiring Terminations:  Fan and controls to terminal strip, and terminal lugs shall match quantities, 

sizes, and materials of branch-circuit conductors.  Enclose terminal lugs in terminal box that is 

sized according to NFPA 70.

3. Disconnect Switch:  Factory-mounted, fused type.

4. Control Panel Enclosure:  NEMA 250, Type 1, with access panel sealed from airflow and mounted 

on side of unit.

5. Bidirectional damper operator and microprocessor-based controller with integral airflow 

transducer and room sensor shall have the following features:

a. Proportional, plus integral control of room temperature.

b. Time-proportional reheat-coil control.

c. Occupied and unoccupied operating mode.

d. Remote reset of airflow or temperature set points.

e. Adjusting and monitoring with portable terminal.

G. VAV Terminal Controls: Bidirectional damper operators and microprocessor-based controller and room 

sensor shall have the following features:

1. Damper Actuator:  24 V, powered closed, powered open.

2. Terminal Unit Controller:  Pressure-independent, variable-air-volume controller with electronic 

airflow transducer with multipoint velocity sensor at air inlet, factory calibrated to minimum and 

maximum air volumes, and having the following features:

a. Proportional, plus integral control of room temperature.

b. Time-proportional reheat-coil control.

c. Occupied and unoccupied operating mode.

d. Remote reset of airflow or temperature set points.

e. Adjusting and monitoring with portable terminal.

f. Communication with temperature-control system.

3. Room Sensor:  Wall mounting, with temperature set-point adjustment, occupancy sensing, and 

access for connection of portable operator terminal.

H. LANs:  Capacity for a minimum of 10 workstations connected to multiuser, multitasking environment 

with concurrent capability to access DDC network or control units.

1. Media:  Ethernet, peer-to-peer CMA/CD, operating at 10 MBps.

2. Media:  ARCNET (attached resources computer network), peer to peer, operating at 2.5 MBps.

3. Media:  MS/TP, EIA 485, operating at 38.4 kBps.

I. Software:  Update to latest version of software at Project completion.  Include and implement the 

following capabilities from the control units:

1. Units of Measure:  Inch-pound and SI (metric).

2. Load Control Programs:  Automatic time scheduling, start/stop time optimization, night 

setback/setup, DDC with fine tuning, and trend logging.
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3. HVAC Control Programs:  Optimal run time, supply-air reset, and enthalpy switchover.

4. Chiller Control Programs:  Control function of condenser water reset, chilled-water reset, and 

equipment sequencing.

5. Heating Hot Water Control Programs:  Control functions of heat hot water reset and equipment 

sequencing. 

6. Programming Application Features:  Include trend point, alarm messages, weekly scheduling, and 

interlocking.

2.6 CONTROL PANELS

A. Central (Master) Control Panels:  Fully enclosed, steel-rack-type cabinet with locking doors or locking 

removable backs.  Match finish of panels and provide multicolor graphic displays, schematically showing 

system being controlled.

B. Local Control Panels:  Unitized cabinet with suitable brackets for wall or floor mounting, located 

adjacent to each system under automatic control.  Provide common keying for all panels.

1. Fabricate panels of 0.06-inch- thick, furniture-quality steel, or extruded-aluminum alloy, totally 

enclosed, with hinged doors and keyed lock and with manufacturer's standard shop-painted finish.

2. Panel-Mounted Equipment:  Temperature and humidity controllers, relays, and automatic 

switches; except safety devices.  Mount devices with adjustments accessible through front of 

panel.

3. Door-Mounted Equipment:  Flush-mount (on hinged door) manual switches, including damper-

positioning switches, changeover switches, thermometers, and gages.

4. Graphics:  Color-coded graphic, laminated-plastic displays on doors, schematically showing 

system being controlled, with protective, clear plastic sheet bonded to entire door.

C. DDC Touch Screen Monitor:  

1. High resolution TFT touch display with dimmable backlight.

2. Anodized aluminum front frame or frameless glass front and capacitive touch.

3. Flush-mounting in combination with the mounting frame. 

4. Visualization of customized graphical pages through built-in touch panel, (building management).

5. Supports all popular graphic file formats such as GIF, JPG, BMP, TIFF, PNG, MNG, ICO.

6. Alarming, Scheduling, and Trending.

7. Supports BACnet MS/ TP and BACnet/ IP.

8. Integrated web server for device configuration and monitoring data points.

9. Access to network statistics.

10. Configurable via Ethernet/ IP or TP/FT-10.

2.7 ANALOG CONTROLLERS

A. Step Controllers:  Six- or 10-stage type, with heavy-duty switching rated to handle loads and operated by 

electric motor.

B. Electric, Outdoor-Reset Controllers:  Remote-bulb or bimetal rod-and-tube type, proportioning action 

with adjustable throttling range, adjustable set point, scale range minus 10 to plus 70 deg F, and single- or 

double-pole contacts.

C. Electronic Controllers:  Wheatstone-bridge-amplifier type, in steel enclosure with provision for remote-

resistance readjustment.  Identify adjustments on controllers, including proportional band and authority.

1. Single controllers can be integral with control motor if provided with accessible control 

readjustment potentiometer.
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2.8 SENSORS

A. Electronic Sensors:  Vibration and corrosion resistant; for wall, immersion, or duct mounting as required.

1. Thermistor temperature sensors as follows:

a. Accuracy:  Plus or minus 0.36 deg F at calibration point.

b. Wire:  Twisted, shielded-pair cable.

c. Insertion Elements in Ducts:  Single point, 8 inches long; use where not affected by 

temperature stratification or where ducts are smaller than 9 sq. ft..

d. Averaging Elements in Ducts:  72 inches long, flexible; use where prone to temperature 

stratification or where ducts are larger than 9 sq. ft.; length as required.

e. Insertion Elements for Liquids:  Brass socket with minimum insertion length of 2-1/2 

inches.

f. Outside-Air Sensors:  Watertight inlet fitting, shielded from direct sunlight.

g. Room Security Sensors:  Stainless-steel cover plate with insulated back and security 

screws.

2. Resistance Temperature Detectors:  Platinum.

a. Accuracy:  Plus or minus 0.2 percent at calibration point.

b. Wire:  Twisted, shielded-pair cable.

c. Insertion Elements in Ducts:  Single point, 8 inches 18 inches long; use where not affected 

by temperature stratification or where ducts are smaller than 9 sq. ft..

d. Averaging Elements in Ducts:  72 inches long, flexible; use where prone to temperature 

stratification or where ducts are larger than 9 sq. ft.; length as required.

e. Insertion Elements for Liquids:  Brass socket with minimum insertion length of 2-1/2 

inches.

f. Outside-Air Sensors:  Watertight inlet fitting, shielded from direct sunlight.

g. Room Security Sensors:  Stainless-steel cover plate with insulated back and security 

screws.

3. Humidity Sensors:  Bulk polymer sensor element.

a. Accuracy:  5 percent full range with linear output.

b. Duct and Outside-Air Sensors:  With element guard and mounting plate, range of 0 to 100 

percent relative humidity.

4. Carbon Dioxide Sensor: Single detectors, using solid-state infrared sensors, suitable over a 

temperature range of 23 to 130 deg F, calibrated for 0 to 2 percent, with continuous or averaged 

reading, 4 to 20 mA output, and wall mounted.

a. Accuracy: +/-75 ppm at 1000 ppm at 72 deg F when compared to certified calibration gas.

b. Coverage Area: 1000 sq. ft 

5. Static-Pressure Transmitter:  Nondirectional sensor with suitable range for expected input, and 

temperature compensated.

a. Accuracy:  2 percent of full scale with repeatability of 0.5 percent.

b. Output:  4 to 20 mA.

c. Building Static-Pressure Range:  0 to 0.25 inch wg.

d. Duct Static-Pressure Range:  0 to 5 inches wg.

6. Pressure Transmitters:  Direct acting for gas, liquid, or steam service; range suitable for system; 

proportional output 4 to 20 mA.
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B. Equipment operation sensors as follows:

1. Status Inputs for Fans:  Differential-pressure switch with adjustable range of 0 to 5 inches wg.

2. Status Inputs for Pumps:  Differential-pressure switch piped across pump with adjustable pressure-

differential range of 8 to 60 psig.

3. Status Inputs for Electric Motors:  Current-sensing relay with current transformers, adjustable and 

set to 175 percent of rated motor current.

C. Electronic Valve/Damper Position Indication:  Visual scale indicating percent of travel and 2- to 10-V dc, 

feedback signal.

2.9 TEMPERATURE SENSORS

A. Room Sensor (Thermostat): Thermistor temperature sensor designed for temperature measurement and 

motion sensing of occupied spaces.

1. Accuracy:  Plus or minus 0.35 deg F at calibration point.

2. Wire:  Twisted, shielded-pair cable.

3. Sensor: Temperature and motion sensing.  

4. Mounting: For mounting in a standard single-gang electrical box.

5. Provide with Local Access Port

6. Similar to Automatic Logic model ZS-Plus. Contractor has option to include CO2 sensing element 

in thermostat where CO2 sensor is noted in the same location as the thermostat.  See construction 

documents for CO2 sensor locations.  

B. Airstream Thermostats:  Two-pipe, fully proportional, single-temperature type, with adjustable set point 

in middle of range and adjustable throttling range, plug-in test fitting or permanent pressure gage, remote 

bulb, bimetal rod and tube, or averaging element.

C. Electric Low-Limit Duct Thermostat:  Snap-acting, single-pole, single-throw, manual- or automatic-reset 

switch that trips if temperature sensed across any 12 inches of bulb length is equal to or below set point.

1. Bulb Length:  Minimum 20 feet.

2. Quantity:  One thermostat for every 20 sq. ft. of coil surface.

D. Electric High-Limit Duct Thermostat:  Snap-acting, single-pole, single-throw, manual- or automatic-reset 

switch that trips if temperature sensed across any 12 inches of bulb length is equal to or above set point.

1. Bulb Length:  Minimum 20 feet.

2. Quantity:  One thermostat for every 20 sq. ft. of coil surface.

E. Immersion Thermostat:  Remote-bulb or bimetal rod-and-tube type, proportioning action with adjustable 

throttling range and adjustable set point.

2.10 HUMIDISTATS

A. Duct-Mounted Humidistats:  Electric insertion, 2-position type with adjustable 2 percent throttling range, 

20 to 80 percent operating range, single- or double-pole contacts.

2.11 ACTUATORS

A. Electric Motors:  Size to operate with sufficient reserve power to provide smooth modulating action or 

two-position action.
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1. Permanent Split-Capacitor or Shaded-Pole Type:  Gear trains completely oil immersed and sealed.  

Equip spring-return motors with integral spiral-spring mechanism in housings designed for easy 

removal for service or adjustment of limit switches, auxiliary switches, or feedback potentiometer.

2. Nonspring-Return Motors for Valves Larger Than NPS 2-1/2:  Size for running torque of 150 in. x 

lbf and breakaway torque of 300 in. x lbf.

3. Spring-Return Motors for Valves Larger Than NPS 2-1/2:  Size for running and breakaway torque 

of 150 in. x lbf.

4. Nonspring-Return Motors for Dampers Larger Than 25 Sq. Ft.:  Size for running torque of 150 in. 

x lbf and breakaway torque of 300 in. x lbf.

5. Spring-Return Motors for Dampers Larger Than 25 Sq. Ft.:  Size for running and breakaway 

torque of 150 in. x lbf.

2.12 CONTROL CABLE

A. Electronic and Fiber-Optic Cable for Control Wiring:  As specified in Division 26 Section 

"Control/Signal Transmission Media."

PART 3 - EXECUTION

3.1 EXAMINATION

A. Verify that conditioned power supply is available to control units.

B. Verify that duct and equipment-mounted devices and wiring is installed before proceeding with 

installation.

3.2 INSTALLATION

A. Provide system software to the Owner for installation on the network server. 

B. Install equipment level and plumb.

C. Install software in control units.  Implement all features of programs to specified requirements and as 

appropriate to sequence of operation.

D. Connect and configure equipment and software to achieve sequence of operation specified.

E. Verify location of thermostats, humidistats, and other exposed control sensors with plans and room 

details before installation.  Locate all 60 inches above the floor.

1. Install averaging elements in ducts and plenums in crossing or zigzag pattern.

F. Install labels and nameplates to identify control components according to Division 23 Section "Basic 

Mechanical Materials and Methods."

G. Install labels and nameplates to identify control components according to Division 23 Section 

"Mechanical Identification."

H. Install duct volume-control dampers according to Division 23 Sections specifying air ducts.

I. Install electronic and fiber-optic cables according to Division 26 Section "Control/Signal Transmission 

Media."
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3.3 ELECTRICAL WIRING AND CONNECTION INSTALLATION

A. Unless noted otherwise, all electrical wiring required to interconnect and/or operate the components of 

the control system shall be furnished and installed by the Controls Contractor. Perform all wiring in 

accordance with the requirements listed below, code requirements and Division 26.

B. Power and all low voltage wiring required for all components, controllers, and control panels shall be 

furnished and installed by the Controls Contractor. Power for these components shall be dedicated power 

circuits for the express use of the individual component, controller, or control panel. All circuit breakers 

and other electrical components required to provide this dedicated circuit shall be the responsibility of 

this Contractor.

C. Power wiring required for the Area Controller shall also be dedicated as specified above, and if available 

in the building, shall be an emergency power circuit.  

D. All line voltage wiring shall be installed within EMT conduit. Conduit shall be adequately supported in 

accordance with local codes and Division 26.

E. All low voltage wiring shall be installed within EMT conduit, except when ran in ceiling spaces. Low 

voltage wiring installed in ceiling spaces must be plenum rated wiring in accordance with local codes. All 

wiring in ceiling spaces must be properly supported to the building so as not to droop. Install wiring as 

close to the deck as possible to avoid damage from other trades or materials.

F. All conduit and wiring shall be installed in parallel lines to the building structure, corridors, and hallways. 

G. Communication wiring shall be installed using shielded cable. The communication network wiring shall 

be clearly marked with a specific color code. Communication wiring shall not be installed near noise 

producing equipment, such as ballasts, magnetic starters, etc. 

H. All analog inputs and analog outputs shall be wired using shielded cable. 

I. All digital outputs shall be wired using 18 gauge stranded wire.

J. All wiring in mechanical rooms, walls shall be installed in EMT conduit. Concealed conduit and wiring is 

required in all finished spaces. 

K. Connect manual-reset limit controls independent of manual-control switch positions.  Automatic duct 

heater resets may be connected in interlock circuit of power controllers.

L. Connect hand-off-auto selector switches to override automatic interlock controls when switch is in hand 

position.

M. Install raceways, boxes, and cabinets according to Division 26 Section "Raceways and Boxes."

N. Install building wire and cable according to Division 26 Section "Conductors and Cables."

O. Install signal and communication cable according to Division 26 Section "Control/Signal Transmission 

Media."

1. Conceal cable, except in mechanical rooms and areas where other conduit and piping are exposed.

2. Install exposed cable in raceway.

3. Install concealed cable in raceway.

4. Bundle and harness multiconductor instrument cable in place of single cables where several cables 

follow a common path.
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5. Fasten flexible conductors, bridging cabinets and doors, along hinge side; protect against abrasion.  

Tie and support conductors.

6. Number-code or color-code conductors for future identification and service of control system, 

except local individual room control cables.

3.4 EXISTING EQUIPMENT

A. Wiring. Unusable interconnecting control wiring and shall be removed and shall become the property of 

the contractor unless specifically noted or shown to be reused.

B. Indicator Gauges. Where these devices remain and are not removed.

C. Modify existing starter control circuits, if necessary, to provide hand-off-auto control of each controlled 

starter. If new starters or starter control packages are required, these shall be included as part of this 

contract.

D. Patch holes and finish to match existing walls.

3.5 CONNECTIONS

A. Piping installation requirements are specified in other Division 23 Sections.  Drawings indicate general 

arrangement of piping, fittings, and specialties.

1. Install piping adjacent to machine to allow service and maintenance.

B. Ground equipment.

1. Tighten electrical connectors and terminals according to manufacturer's published torque-

tightening values.  If manufacturer's torque values are not indicated, use those specified in 

UL 486A and UL 486B.

3.6 FIELD QUALITY CONTROL

A. Manufacturer's Field Service:  Engage a factory-authorized service representative to inspect field-

assembled components and equipment installation, including piping and electrical connections.  Report 

results in writing.

1. Leak Test:  After installation, charge system and test for leaks.  Repair leaks and retest until no 

leaks exist.

2. Operational Test:  After electrical circuitry has been energized, start units to confirm proper unit 

operation.  Remove malfunctioning units, replace with new units, and retest.

3. Test and adjust controls and safeties.  Replace damaged and malfunctioning controls and 

equipment, and retest.

4. Calibration test electronic controllers by disconnecting input sensors and stimulating operation 

with compatible signal generator.

B. Engage a factory-authorized service representative to perform startup service.

C. Replace damaged or malfunctioning controls and equipment.

1. Start, test, and adjust control systems.

2. Demonstrate compliance with requirements, including calibration and testing, and control 

sequences.

3. Adjust, calibrate, and fine tune circuits and equipment to achieve sequence of operation specified.
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D. Verify DDC as follows:

1. Verify software including automatic restart, control sequences, scheduling, reset controls, and 

occupied/unoccupied cycles.

2. Verify operation of operator workstation.

3. Verify local control units including self-diagnostics.

3.7 DEMONSTRATION

A. Engage a factory-authorized service representative to train Owner's maintenance personnel to adjust, 

operate, and maintain control systems and components.

1. Train Owner's maintenance personnel on procedures and schedules for starting and stopping, 

troubleshooting, servicing, and maintaining equipment and schedules.

2. Provide operator training on data display, alarm and status descriptors, requesting data, executing 

commands, calibrating and adjusting devices, resetting default values, and requesting logs.  

Include a minimum of 40 hours dedicated instructor time on-site.

3. Review data in maintenance manuals.  Refer to Division 1 Section "Contract Closeout."

4. Review data in maintenance manuals.  Refer to Division 1 Section "Operation and Maintenance 

Data."

5. Schedule training with Owner, through Engineer, with at least seven days' advance notice.

6. Provide follow-up training approximately 3 months after substantial complete.  Schedule training 

with Owner. 

3.8 ON-SITE ASSISTANCE

A. Occupancy Adjustments:  Within one year of date of Substantial Completion, provide up to three Project 

site visits, when requested by Owner, to adjust and calibrate components and to assist Owner's personnel 

in making program changes and in adjusting sensors and controls to suit actual conditions.

END OF SECTION 230990
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SECTION 231123 - FACILITY NATURAL-GAS PIPING

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and 

Division 01 Specification Sections, apply to this Section.

1.2 SUMMARY

A. Section Includes:

1. Pipes, tubes, and fittings.

2. Piping and tubing joining materials.

3. Pressure regulators.

1.3 DEFINITIONS

A. Finished Spaces:  Spaces other than mechanical and electrical equipment rooms, furred spaces, pipe and 

duct shafts, unheated spaces immediately below roof, spaces above ceilings, unexcavated spaces, 

crawlspaces, and tunnels.

B. Exposed, Exterior Installations:  Exposed to view outdoors or subject to outdoor ambient temperatures 

and weather conditions.  Examples include rooftop locations.

1.4 PERFORMANCE REQUIREMENTS

A. Minimum Operating-Pressure Ratings:

1. Piping and Valves:  100 psig minimum unless otherwise indicated.

2. Service Regulators:  65 psig minimum unless otherwise indicated.

B. Natural-Gas System Pressure within Buildings:  0.5 psig or less.

C. Delegated Design:  Design restraints and anchors for natural-gas piping and equipment, including 

comprehensive engineering analysis by a qualified professional engineer, using performance 

requirements and design criteria indicated.

1.5 SUBMITTALS

A. Product Data:  For each type of the following:

1. Valves.  Include pressure rating, capacity, settings, and electrical connection data of selected 

models.

2. Pressure regulators.  Indicate pressure ratings and capacities.

3. Dielectric fittings.

B. Shop Drawings:  For facility natural-gas piping layout.  Include details for fabrication of pipe anchors, 

hangers, supports for multiple pipes, alignment guides, expansion joints and loops, and attachments of the 

same to building structure.

C. Operation and Maintenance Data:  For pressure regulators to include in emergency, operation, and 

maintenance manuals.
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	010100 Summary of Work.pdf
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract including General and Supplementary Conditions and Division 1 Specification Sections apply to this Section.

	1.2 WORK COVERED BY CONTRACT DOCUMENTS
	A. The Project consists of:
	1.  Removal and replacement of two existing packaged rooftop units with DX cooling and gas-fired heating in kind with new units.
	2. Replace the KMC automation system with new BACnet compatible building automation system.
	3. Replace control actuators and thermostats for all VAV and FTU boxes in the building.

	B. Project Location: North County Service Center, 4040 7 Hills Drive, Florissant, Missouri.
	1. Owner:  State of Missouri, Office of Administration, Division of Facilities Management, Design and Construction, Harry S Truman State Office Building, Post Office Box 809, 301 West High Street, Jefferson City, Missouri  65102.

	C. Contract Documents, dated May 22, 2020 were prepared for the Project by Horner & Shifrin, Inc., 401 S. 18th Street, Suite 401, St. Louis, Missouri, 63103.
	D. The Work will be constructed under a single prime contract.

	1.3 DESIGNER’S ESTIMATE OF CONSTRUCTION COSTS
	A. The project designer has prepared this cost estimate.  It is intended to provide an indication of the relative amounts of work by division and section only.  The State of Missouri makes no guarantee regarding the accuracy of the values contained he...
	B. The anticipated project cost is:

	Base Bid Work:   $376,000 to $516,000.
	Combined Alternate #1 + Base Bid Work:   $397,000 to $546,000.

	1.4 CONTRACTOR USE OF PREMISES
	A. Use of the Site:  Limit use of the premises to work in areas indicated.  Confine operations to areas within contract limits indicated.  Do not disturb portions of the site beyond the areas in which the Work is indicated.
	1. Owner Occupancy:  Allow for Owner occupancy and use by the public.
	2. Driveways and Entrances: Keep driveways and entrances serving the premises clear and available to the Owner, the Owner’s employees, and emergency vehicles at all times.  Do not use these areas for parking or storage of materials.  Schedule deliveri...

	B. Use of the Existing Building: Maintain the existing building in a weathertight condition throughout the construction period.  Repair damage cause by construction operations. Take all precautions necessary to protect the building and its occupants d...

	1.5 OCCUPANCY REQUIREMENTS
	A. Full Owner Occupancy:  The Owner will occupy the site and existing building during the entire construction period.  Cooperate with the Owner during construction operations to minimize conflicts and facilitate owner usage.  Perform the Work so as no...
	B. Phasing Requirement:  The Contractor shall phase/perform the work such that one of two RTUs (existing or new) remains operational/controllable for cooling and heating at all times through the Monday – Friday work week in order to not disrupt the Ow...


	PART 2 -  PRODUCTS (Not Applicable)
	PART 3 -  EXECUTION
	3.1 SCHEDULE OF PRODUCTS ORDERED IN ADVANCE
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	230800 Commissioning of HVAC_9-23-20 RL.pdf
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 1 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:
	1. General requirements that apply to implementation of commissioning of HVAC systems, assemblies and components.


	1.3 DESCRIPTION
	A. The purpose of commission is to ensure the Owner that work has been completed as specified and that systems are functioning in the manner as described in the Sequence of Operations as described in the Construction Documents.
	B. Commission shall commence after test and balance of systems are completed and approved by the Engineer of Record.
	C. Commissioning Agent shall be a registered design professional or approved agency.
	D. The steps associated with commissioning are outlined below:
	1. Development of Commissioning Plan.
	2. Preliminary Commissioning and Reporting.
	3. Final Commissioning and Reporting.


	1.4 SYSTEMS TO BE COMMISSIONED
	A. Commissioning will be performed on the following systems:
	1. Building Automation System (BAS)
	2. Rooftop Units (RTU-01 & RTU-02).
	3. Alternate #1: Split Systems (AC-01/CU-01 & AC-02/CU-02)


	1.5 SUBMITTALS
	A. Commissioning Plan as developed by the Commissioning Agent.
	B. Preliminary Commissioning Report of the test procedures and results.  The report shall include the following:
	1. Completed Commissioning Compliance Checklist in accordance with figure C408.2.4 from 2018 International Energy Conservation Code (IECC).
	2. List of deficiencies during testing required by this specification that have not been corrected at the time of report preparation.
	3. Deferred tests that cannot be performed at the time of the report preparation because of climatic conditions.
	4. Results of functional performance tests.
	5. Functional performance test procedures used during the commissioning process, including measurable criteria for test acceptance.

	C. Final Commissioning Report including test procedures and results.  The report shall include the following:
	1. Functional performance test results.
	2. List of deficiencies found during testing, including details of corrective measures used or proposed.
	3. Functional performance test procedures used during the commissioning process including measurable criteria for test acceptance, provided herein for repeatability.



	PART 2 -  PRODUCTS
	2.1 Commissioning plan
	A. The commissioning plan shall outline the organization, scheduling, team members, and documentation pertaining to the overall commissioning process. The plan shall include the following:
	1. Narrative description of the activities that will be accomplished during each phase of commissioning, including the personnel intended to accomplish each of the activities. Include a listing of the specific equipment, appliances or systems to be te...
	2. Equipment – A listing of the specific equipment, appliances or systems to be tested and a description of the tests to be performed.
	3. Functions to be tested including, but not limited to, calibrations and economizer controls.
	4. Conditions under which the test will be performed. Testing shall affirm winter and summer design conditions and full outside air conditions.
	5. Measurable criteria for performance.


	2.2 FUNCTIONAL PERFORMANCE TESTS (FPT) PROCEDURES
	A. The FPT procedures at the minimum shall consist of the following sections:
	1. Narrative Description:
	a. This section provides a narrative description of the design intents of the systems and their intended modes of sequences of operation.

	2. Testing Prerequisites:
	a. This section contains verification that primary mechanical, electrical, and controls systems that support or interact with the system that the FPT is prepared against are completed, tested and operational.

	3. Installation Verification:
	a. This section contains verification that the system installation is completed, has been tested and balanced and is ready for commissioning.

	4. Commencement of Functional Performance Testing:
	a. This section records the date and time of the start of system commissioning.

	5. System Condition Prior to Starting Performance Testing:
	a. This section records the current set points and parameters of the system at the start of commissioning.

	6. Functional Performance Test:
	a. This section shall provide the following:
	1) Sequential steps required to set parameters and conditions required to test component and functions throughout intended ranges of operation.
	2) Full range of checks and tests carried out to determine if electric connections, components, subsystems, systems and interfaces between systems function in accordance with the contract documents and design intents.
	3) Equipment functional performance testing shall demonstrate the installation and operation of components, system and system-to-system interfacing relationships in accordance with the Construction Documents such that operation, function, and maintena...
	4) HVAC control systems shall be tested to document that control devices, components, equipment and systems are calibrated and adjusted and operate in accordance with approved plans and specifications. Sequences of Operation shall be functionally test...
	5) Economizers shall undergo a functional test to determine that they operate in accordance with the manufacturer’s specification.


	7. End of Functional Performance Test:
	a. This section records the date and time of the end of system commissioning.

	8. Field Notes:
	a. This section records notes or remarks during system commissioning.

	9. List systems modifications, not required by the Contract Documents, but provided by the Contractor.  List other questions regarding such system modifications.
	10. List problems discovered during Commissioning that were corrected.
	11. List problems discovered during Commissioning that were not corrected.
	12. List recommended party that should take action on these (not corrected) problems.



	PART 3 -  EXECUTION
	3.1 Documentation
	A. Contractor shall provide the Commissioning Agent with all documentation of equipment, shop drawings and controls required for the commissioning process.
	B. The Preliminary Commissioning Report shall be submitted to the Project Construction Administrator for review/comment and subsequent modifications prior to the start of Final Commissioning.
	C. The installing Contractor shall be responsible for collection of pertinent data during system start-up and functional performance testing.  The Contractor shall submit to the Commissioning Agent documentation of tests performed prior to and after s...

	3.2 INSTALLATION VERIFICATION
	A. Prior to the start of Final Commissioning, the Contractor shall conduct a final installation verification audit.   The audit shall include, but not be limited to, checking of:
	1. Equipment installation complete and operation.
	2. Control work complete and operational.
	3. Test and Balance work complete and report approved by Engineer.
	4. Documentation of prestart-up tests performed, including manufacturer’s factory tests.

	B. If work is found to be incomplete, incorrect, or non-functional, by the Commissioning Agent, then the Contractor shall correct all deficiencies (at no added cost to the project) before Commissioning proceeds.

	3.3 functional performance testing
	A. General Commissioning Responsibilities:
	1. Functional Performance Testing begins after operational testing, adjusting, and balancing of the systems have been completed by the Contractors; and the System Description and Hands-on Training Sessions have been completed.
	2. The objective of the Functional Performance Testing is to advance the building systems from a state of substantial completion to full dynamic operation in accordance with the specified design requirements and design intent.
	3. Attaining this objective will be accomplished by developing individual systems testing protocols which, when implemented by the Contractor, will allow the Commissioning Agent to observe, evaluate, identify deficiencies, recommend modifications, tun...
	4. Functional Performance tests for the systems to be Commissioned are defined in the Commissioning Plan.  These tests are intended to be conclusive but may require minor modifications as system operation dictates.
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	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract including General and Supplementary Conditions and Division 1 Specification Sections apply to this Section.

	1.2 WORK COVERED BY CONTRACT DOCUMENTS
	A. The Project consists of:
	1.  Removal and replacement of two existing packaged rooftop units with DX cooling and gas-fired heating in kind with new units.
	2. Replace the KMC automation system with new BACnet compatible building automation system.
	3. Replace control actuators and thermostats for all VAV and FTU boxes in the building.

	B. Project Location: North County Service Center, 4040 7 Hills Drive, Florissant, Missouri.
	1. Owner:  State of Missouri, Office of Administration, Division of Facilities Management, Design and Construction, Harry S Truman State Office Building, Post Office Box 809, 301 West High Street, Jefferson City, Missouri  65102.

	C. Contract Documents, dated May 22, 2020 were prepared for the Project by Horner & Shifrin, Inc., 401 S. 18th Street, Suite 401, St. Louis, Missouri, 63103.
	D. The Work will be constructed under a single prime contract.

	1.3 DESIGNER’S ESTIMATE OF CONSTRUCTION COSTS
	A. The project designer has prepared this cost estimate.  It is intended to provide an indication of the relative amounts of work by division and section only.  The State of Missouri makes no guarantee regarding the accuracy of the values contained he...
	B. The anticipated project cost is:

	Base Bid Work:   $376,000 to $516,000.
	Combined Alternate #1 + Base Bid Work:   $397,000 to $546,000.

	1.4 CONTRACTOR USE OF PREMISES
	A. Use of the Site:  Limit use of the premises to work in areas indicated.  Confine operations to areas within contract limits indicated.  Do not disturb portions of the site beyond the areas in which the Work is indicated.
	1. Owner Occupancy:  Allow for Owner occupancy and use by the public.
	2. Driveways and Entrances: Keep driveways and entrances serving the premises clear and available to the Owner, the Owner’s employees, and emergency vehicles at all times.  Do not use these areas for parking or storage of materials.  Schedule deliveri...

	B. Use of the Existing Building: Maintain the existing building in a weathertight condition throughout the construction period.  Repair damage cause by construction operations. Take all precautions necessary to protect the building and its occupants d...

	1.5 OCCUPANCY REQUIREMENTS
	A. Full Owner Occupancy:  The Owner will occupy the site and existing building during the entire construction period.  Cooperate with the Owner during construction operations to minimize conflicts and facilitate owner usage.  Perform the Work so as no...
	B. Phasing Requirement:  The Contractor shall phase/perform the work such that one of two RTUs (existing or new) remains operational/controllable for cooling and heating at all times through the Monday – Friday work week in order to not disrupt the Ow...
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